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FKEFACE TO THE AMERICAN EDITION. 



TuE publication of Mr. Darwin's work on tbe 
I " Origin of Species," whetlier we consider tlie import- 
f ance of the questions it raises, the ability with wliidi 
■te treats tliem, the boldness and originality- of his 
■Ispeculatioiis, or the profound and uuiTersal interest 
■■which the book awakened, must "be looked upon as 
marking an era in the progress of science. But while 
"it called forth a dne share of candid discnssion and 
intelligent criticism, it has been vehemently and per- 
sistently assailed by many who understood notliing of 
its real character ; and the subject has hence been so 
overloaded with prejudice and perversion that unecien- 
tifie people hardly know what to think or believe about 
it. In these circumstances, those who disencumber the 
subject of its difficulties, simplify its statements, relievo 
it of tedmicalities, and bring it so distinctly within the 
horizon of ordinary apprehension that persons of com- 
mon sense may judge for themselves, perform an in- 
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valuable service. Such is the character of the present 
volume. 

Prefixed to the English edition, is the following 
note from Professor Huxley : " Mr. J. Aldous Mays, 
who is taking shorthand notes of my 'Lectures to 
Working Men,' has asked me to allow him, on his own 
account, to print thos^ notes for the use of my audience. 
I willingly accede to this request, on the understanding 
that a notice is prefixed to the effect that I have no 
leisure to revise the Lectures, or to make alterations 
in them, beyond the correction of any important error 
ip a matter of fact." 

The reader will not regret that the Lectures appear 
in this form. Taken from the lips of the distinguished 
naturalist, as he addressed anr audience of 'Working 
Men,' they have a clearness, a directness, and a sim- 
plicity which belonged to the circumstances of their 
delivery. In this respect, the following Lectures are 
incomparable. Dealing with the most abstruse and 
fundamental questions of mind and organization, these 
subjects are nevertheless presented in so lucid and at- 
tractive a maimer as to impress vividly the commonest 
imagination.. 

The gift of translating the high questions of science 
into popular forms of expression, without sacrificing ac- 
curacy and introducing error, is a very rare one among 
scientific men, but Professor Huxley possesses it in an 
eminent degree : his lectures are models of their class. 
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LECTURE I. 



1 THE PRESENT CONDITION OF OEGANIO NATURE. 



"When it was my duty to consider what subject I 
\ would select for the six lectorea wliich I eliall now 
iiave the pleasure of delivering to jau, it occurred to 
l.'jne that I could not do better than endeavour to put 
lefore you in a true light, or in what I might perhaps 
■with more modesty call, that which I conceive myself 
to be the true light, the positioa of a book which has 
been more praised and more abused, perhaps, than 
any book which has appeared for some years ; — I mean 
Mr. Darwin's work on the " Origin of Species." That 
work, I doubt not, many of you have read ; for I know 
the inquiring spirit which is rife among yon. At any 
rate, all of you will have heard of it, — some by one kind 
of report and some by another kind of report ; the 
attention of all and the curiosity of all have been prob- 
ably more or less excited on the subject of that work. 
All I can do, and all I shall attempt to do, is to put 
before you that kind of jadgmeut which has been 
formed by a man, who, of course, ia liable to judge 
jerroneoasly ; but at any rate, of one whose business 
md profession it is to form judgments upon questions 
f this nature. 



CONDITION 



And licre, as it will always happen whea dealing ■ 
witii an estcneivc suLject, the greater part of iny course J 
— if, indeed, so small a number of lectures can be prop- 1 
erly called a course — must be dovotod to preliminary 
matters, or rather to a statement of tliosc I'acte and of 
tlioae principles wliicb the work itself dwells upon, and 
brings more or less directly before us. I have no right 
to suppose that all or any of you are naturalists ; and 
even if you were, the miaconceptions and misunder- 
standingB prevalent even among naturalists on these 
matters would make it desirable that I should take the 
eourso I now propose to take, — that I should start from 
the beginning, — that I should endeavour to point out 
what is the existing state of the organic world — that 
I should point out its past condition — that I should 
state what is the precise nature of the undertaking 
wLick Kr. Diirwla lias t&ken in baud ; that I sboold 
endeavour to show you what are the only metliods by 
which that undertaking can be brought to an issue, 
and to point out to you how far the author of tlie work 
in question has satisfied those conditions, how far he has 
not satisfied them, how far they are satisfiable by man, 
and how far they are not satisfiable by man. And for 
to-night, in taking up the first part of this question, 
I shall endeavour to put before you a sort of broad 
notion of our knowledge of the condition of the living 
world. There ai'c many ways of doing this. I might 
deal with it pictorially and graphically. Following 
tlie example of Humboldt in Iiis " Aspects of Nature,'' 
I might endeavour to-point out the infinite variety of 
organic life in every mode of. its existence, with refer- 
ence to the variations of climate and the like ; and such 
an attempt would be fraught with interest to us all ; 
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^V'bnt coneidoring the sulyect before ua, eucli a course 
would not lie that best calculated to assiBt us. In an 
argument of this kind we muKt go further and dig 
deeper into the matter; we raust endeavour to look 
into the foundations of living Nature, if I maj bo say, 
and discover the principles involved in some of her 
most secret operations. I propose, therefore, in the 
first place, to take some ordinary animal with which 
yoa are all familiar, and, by easily comprehensible and 
obvious examples drawn from it, to show what are the 

»fcind of problems which living beings in general lay 
lieforc us ; and I shall then show you that the same 
problems are laid open to us by all kinds of living 
beings. But, first, let me say in what sense I have 
used the words "organic natuj-e." In speaking of the 
causes which lead to our present knowledge of organic 
nature, I Lave used it almost aB an equivalent of the 
word " living," and for this reason, — that in almost all 
living beings yon can distinguish several distinct por- 
tions set apart to do particular things and work in a 
particular way. These arc termed " organs," and the 
whole together is called " organic."' And as it u 
tiniversally characteristic of tliem, this term " organic " 
has been vei^ conveniently employed to denote the 
whole of living nature, — the whole of the plant world, 
and the whole of the animal world. 

Few animals can be more familiar to yon than that 
whoso skeleton is shown on this diagram. You need 
not bother yourselves witli this " J?qvua cahaUns'" 
written under it ; that is only the Latin name of it, 
and does not make it any-better. It simply means the 
common Horse. Suppose we wish to understand all 
about the IIorBO. Our first object must be to study 



10 



■mK PKESEHT coin>rnos 



tlie structure of the animal. Tlie whole of his bodn 
is inclosed within a hidi;, a ekio covered with hair ; and, 
if that hide or skin be taken off, we find a great mat 
of flesh, or wliat is technically called muscle, bein|^ 
the substance which by its power of contraction enableg 
the animal to move. These muscles move the bare" 
parts one upon the other, and so give that Btrengi 
and power of motion which renders the Horse so useful 
to us in tlie perfornianco of those services in which W4| 
employ him. 

And then, on separating and removing the whols 
of this ekin and flesh, you liave a great series of bone* 
hard structures, boimd together with ligaments, anw 
forming the skeleton which is represented here. 

In that skeleton there are a number of parts to l 
recognized. This long eeries of hones, beginning from 
tlie skull and ending in the tail, ia called the Bpine, anfl 
these in front are the ribs ; and then there arc two painsB 
limbs, one before and one behind ; and these are what 
wo all know as the fore-legs and the hind-legs. If s 
pursue our researches into the interior of this b 
we find within the fi-amework of the skeleton i 
cavity, or rather, I should say, two great cavities — one^ 
cavity beginning in the skull and running through thai 
neek-bones, along the spine, and ending in the tail, , 
containing the brain and the spinal marrow, which a 
extremely important organs. The second great cavity, j 
commencing with the mouth, contains the gullet, the J 
stomach, the long intestine, and all the rest of those -I 
internal apparatus which are essential for digestion;! 
and then in the same great cavity, there are lodged the I 
heart and all the great vessels going from it ; and, be- I 
sides that, the organs of respiration — the lungs ; 
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^ then the kidneys, and the organs of reproduction, and 
L, Let ua now endeavor to reduce this notion of a 
lorse that we now have, to some such kind of simple 
)n as can be at once, and without difficulty, re- 
tained in the niiad, apart from all minor details. If 1 
make a transverse section, that is, if I were to saw a dead 
horse across, I should find.that, if I left out the details, 
and supposing I took my section thi-ough the anterior 
region, and through the fore-limba, I should have hero 
this kind of section of the body (Fig. 1). Here would 
be the upper part of the 
animal — that great mass 
of hones that wo spoke 
of as the spine (a. Fig. 
1). Here I should have 
the alimentary canal (S, 
Fig. 1). Here I ehoald 
have the heart (e. Fig. 1 ) ; 
and thea you see, thero 
would be a kind of double 
tube, the whole being in- 6 % 
closed within the hide ; ""'■ "■ 

the spinal marrow would ho placed in the upper Inbo 
(a, Fig; 1), and in the lower tube {b, Fig. 1), there would 
be the alimentary canal and the heart ; and here I 
'-■shall have the legs proceeding from each side. For 
liSimplicity's sake, I represent them merely as stumps 
(e e. Fig. 1). Now that is a horse — as mathematicians 
would say — reduoed to its most simple espression. 
Carry that in your minds, if you please, as a simplified 
idea of the structure of the Horse. The considerations 
which I have now put before you belong to what we 
■technically call the 'Anatomy 'rfif the Horse. Now, 
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Biippose we go to work upon Uicee Beverai parts — fleali 
aiiti liiiir, nod ekia acd bone, and lay upcn thtiSQ v 
oua orgaua witli our sculpek,, and examine tlicni by j 
uicaUB of our magnilyiiig-gluesea, and sec what we cau i 
make of tLcin. We bhall find that the flesli ie mads' I 
Mp.of bundles of strong fibres. The brain and tiervcs, I 
too, we shall find, are made up tif fibres, and the&e J 
quccr-luokmg things that are called gauglioniy cor- I 
puscleH. If we take a kUcc of the bono and examine. 1 
it, we shall find that it is Yorj like this diagram of » I 
section of the bone of an oati'ieh, though dilierkig, of | 
course, in some details ; and if we take any part what- I 
fioever of t!ie tissue, and examine it, we shall find it I 
all has a minute structure, visible oidj under the 
microscope. All these parts constitute microscopic 
anatomy or 'Histology.' These parts aru constantly 
being eliaiiged ; every part is constantly gi'owing, de- 
caying, and being replaced during the life of the animal. 
The tissue is constantly replaced by new material ; and 
if you go back to the young state of the tissue in the 
case of muscle, or in the case of skin, or any of the," 
organs I have mentioned, you will find that they all i 
ne under the same condition. Every one of these j 
microscopic filaments and fibres (I now speak merely ' 
of the general character of the whole process) — every 
one of tliese parts — could be traced down to i 
modification of a tissue which can be readily divided J 
into little particles of fleshy matter, of that substauee j 
which is composed of the chemical ele- 
ments, carbon, hydrogen, osygcn, and ni- 
trogen, having such a shape as this (Fig. ' 
2). These particles, into which all primi- 
tive tissues break: up, are called cells. 
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If I were to tnake a section of a piece of tlie ekin of 

ly hand, I should find that it was made up of these 

icells. If I examine the librea which form the various 

of alt living animals, I should find that all of 

em, at one time or other, had been formed out of a' 

.hstance consisting of similar elements ; so that you 

just as we reduced the whole body in the gross to 

.at sort of simple expression given in Fig. 1, so we 

ijnfty reduce the whole of the mieroseopie structural 

'elements to a form of even greater simplicity ; just as 

the plan of the whole body may be so represented in a 

sense (Fig, 1), so the primaiy structure of every tissue 

may be i-epresented by a mass of cells (Fig. 2), 

Ilaving thus, in this sort of general way, Bketched 

to you what I maj call, perhaps, the architecture of 

the hody of the Ilorae (what we term technically its 

Morpholog;^'), I must now tura to another aspect. A 

■horse is not a mere dead structure : it is an active, 

living, working machine. Hitherto we have, as it 

were, heen looking at a steam-engine with tlie fires out, 

and nothing in the boiler ; but the body of the living 

animal la a beanti fully-formed active machine, and 

every part has its dilferent work to do in the working 

of that machine, which is what we call its life. The 

Horse, if you see him after his day's work is done, is 

cropping tiie grass in the fields, as it may be, or muneh- 

ixig the oats in his stable. What is he doing ! His 

,WB are working as a mill — and a very complex mill 

— grinding the com, or crashing 5ic grass to a pulp. 

soon as that operation has taken ])l.ice, the food is 

aed down to the stomach, and there it is mixed with 

the chemical fluid called the gastiic juice, a substance 

which haa tlie peculiar property of making soluble and 
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dissolving out the mitritioiia matter ip tlie grass, and 
leaving beliiiid those parte wliic-li are not nutritioiia ; 
BO that you have, Hret, the mill, then a sort of chemical 
digester ; and then the food, thus partially dissolvod, 
is carried back by the muscular contractiona of the in- J 
testines into the hinder parts of the body, ^hile tbe'l 
soluble portions arc taken up into tiie blood. The 3 
blood ia contained in a vast Bystcm of pipes, spreading i 
Uirough the vrhole body, connected with a Joree-punip, 
— the heart, — wbieh, by its position and by the con- 
tractions of its valves, keeps the blood constantly cip 
culating in one direction, never allowing it to rest;.-] 
and then, by means of this circulation of the blood,! 
ladeii a^ it is with the products of digestion,, the skin,.! 
the flesh, the hair, and every other part oi' the body,.! 
draws from it that which it wamts, and every one of J 
these organs derives those matcrialB which- are not 
sary to enable it to do its work. 

The action of each of these organs, the performaneaJ 
of each of these various duties, involve in their oporar 1 
tion a continual absorption of the matters necessary for I 
their support, from the blood, and a constant formation I 
of waste products, which are returned to the blood, and 1 
conveyed by it to the lungs and the kidneys, which are 1 
organs that have allotted to them the office of extr^t- 
ing, separating, and getting rid of these waste products ; 
and thus the general nourishment, labour, and repair 
of the whole machine is kept up witli order and reg- 
ularity. But not only is it a machine which feeds and 
appropriates to its own support the nourishment neces- 
Bary to its existence — it is an engine for locomotive 
purposes. The Uorse deeu-es to go from one place to 
another ; and to enable it to do this, it has those strong 
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intraetile bundlea of muBcles attaclied to tlie bones of 
ita limbs, which arc put in motion by meaus of a sort 
of telograpliic apparatus formed by the brain and the 
great spinal cord running through the spine or back- 
bone ; and to this spinal cord are attached a number 
of fibres termed nerves, ■which proceed to all parts 
of the structure. By means of these the eyes, nose, 
tongue, and skin — all the organs of perception — trans- 
mit impressions or sensations to the brain, which acts 
sort of great central telegraph-ofRee, receiving 
pressions and sending messages to all parts of the 
idy, and putting in motion the muscles necessary to 
■accomplish any movement that may be desired. So 
that here you have an extremely complex and beauti- 
fully-proportioned machine, with all its parts working 
harmoniously together towards one common object — 
the preserration of the life of Uie animal. 

Now, note this : the Horse mates up its waste by 
feeding, and ita food is grass or oats, or perhaps other 
vegetable products ; therefore, in the long mn, the 
source of all this complex machinery lies in the vege- 
table kingdom. But where does the grass, or the oat, 
any other plant, obtain this nourishing food-ppo- 
lucing material ? At first it is a little seed, which 
Boon begins to draw into itself from the earth and the 
BUJTomiding air matters which in themselves contain 
no vital properties whatever ; it absorbs into its own 
■substance water, an inorganic body ; it draws into its 
Ibstanee carbonic acid, an inorganic matter ; and am- 
lonia, another inorganic matter, found in the air ; and 
by some wonderful chemical process, the details 
which chemists do not yet understand, though they 
near foreshadowing them, it combines them into 
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one substance, wLtcli is known to u»,as " Protein," % j 
complex compound of carbon, Ljdrogcn, oxjgcn, and! 
nitrogen, which alone poBsesses tlio property of maoi* 1 
i'esting vitality mid of permanently Eupporting nninial i 
life. So that, you bco, the waste products of the ani- j 
mal economy, the cliete materials which are coDtia- I 
ually being thrown off by all living beings, in the ■ 
form of organic matters, are constantly replaced IjyJ 
supplies of the necessary repairing and rebuilding 1 
mateiiala drawn from the plants, which in their tura J 
nianufacturo tLcm, so, to speak, by a mysterious coio^ 1 
biuation of those same inorganic materials. 

Let us trace out the history of tlia Iloree In anotbaf "1 
direction. After a certain time, as the result of sick* 
noss or disease, the effect of accident, or the conso- j 
qnence of old ago, sooner or later, the animal dies. J 
The multitudinoua operationB of thia beautiful m6« ] 
c'lianism flag in their performance, the Horse loses its , 
vigour, and after passing through the curious scries oS J 
changes comprised in its formation and prescrvatibnf ■ 
it finally decays, and ends its life by going back intQ;>] 
that inorganic' world from which all but an inappror'l 
ciable fraction of its substance was derived. Its bonea / 
become mere carbonate and phosphate of lime; tW." 
matter of its flesh, and of its other parts, becomes, in 
the long mn; converted into carbonic acid, into water] 
and into ammonia. You wiU now, pci'haps, under- 
stand the curious relation of the animal with the plant,. . 
of the organic with the inorganic world, whidi is 4 
shown in this diagram. 

The plant gathers these inorganic materials together 1 
and makes them up into its own substance. The ani- 1 
mal eats the plant and appropriates the nutritious por- J 
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VEGETAMUi WOELD, (Fjo. 8.) ANIMAL WOBLD. 

tions to it3 own Bustenanee, rejects and^ets rid of 
the uselcBs matters ; and, finally, the animal itself dies, 
and its whole body is decomposed and returned into 
the inorganic world. Tliere is thus a constant circula- 
tion from one to the other, a continual formation of 
organic life from inorganic matters, and as constant a 
return of living bodies to the inorganic world ; so that 
the materials of which our bodies are composed are 
largely, in all probability, the substances which con- 
stituted the matter of long extinct creations, but which 
have in the interval constituted a part of the inorganic 

I world. 

Tlius we come to the conclusion, strange at first 

Iflight, that the Matteb constituting the living world ia 
identical with that which forms the inorganic world, 
jid not less true is it, that, remarkable as are the 
towers or, in other words, as are the Foeges which are 
jxerted by living beingg, yet all these forces are either 

identical with those whicli exist in the inorganic woi'ld, 

■ or they are convertible into them ; I mean in just the 
same sense as the rescarchca of physical philosophers 
have shown that heat is convertible into electricity, 
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that electricity ia convertible into magnetism, inagne< 
tiem into mecbanical force or chemical force, and i 
one of them with the other, each being measurableaia 
terms of the other, — even bo, I say, that great law Km 
applicable to the living world. Consider why is tllQ'J 
skeleton of this horee capable of supporting the n 
of fleali and the various organs forming the living body, \ 
unlcBs it is because of the action of the same forces ot 1 
coliesion which combines together the particles of mat- 1 
ter composing this piece of chalk? What is there ilk J 
the muscular contractile power of the animal but t' 
force which is expressible, and which is in a certai^ 
sense convertible, into the force of gravity which t 
overcomes ? Or, if yon go to more hidden proeeasMjJ 
in what does the process of digestion difi'er from* thoM.i 
processes which are carried on in the laboratory of thfiM 
chemist? Even if we take the moat recondite i 
most complex operations of animal lifo^those of th* 
nervous system, these of late years have been shown toM 
be — I do not say identical in any sense with the cleo^l 
trieal processes — but this has been shown, that theyfl 
arc in some way or other associated with them ; that il 
to say, that every amount of nervous action is accom 
panied by a certain amount of elccti'teal disturbance i 
the particles of the nerves in which that nervous actionl 
ia carried on. In tliia way the nervous action is re- J 
lated to electricity in the same way that heat is re-*J 
lated to electricity ; and the same sort of argument J 
which demonstrates the two latter to ho related to on^l 
another shows that the nervous forces are coiTclated to | 
electricity ; for the experiments of M. Dubois Key- 
mond and others have shown that whenever a nervpl 
is in a state of exciment, sending a message to the I 
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muselea or coiivcyiug an impression to tlie brain, tliere 
ia a disturbance of the electrical condition of that nerve 
which does not exist at other times ; and there are a 
number of other facts and phenomena of*that 6ort ; so 
that we come to the broad conelnsion that not only as 
to living matter itself, bnt aa to the forces that matter 
exerts, there ia a close relationship between the organic 
and the inorganic world — the difference between them 
arising from the diverse combination and disposition 
of identical forces, and not fram any primary diver- 
sity, so far as we can see. 

I said just now that the Hoi-se eventually died and 
became converted into the same inorganic substances 
im whence all but an inappreciable fraction of its 

bstance demonstrably originated, so tbat the actual 

■anderings of matter are as remarkable as the trans- 
migrations of the soul fabled by Indian tradition. But 
before death has occurred, in the one sex or the other, 
and in fact in both, certam products or parts of the 
organism have been set free, certain pai-ts of the organ- 
ism of the two sexes have come into contact with one 
another, and from that conjunction, from that union 

'hich then takes place, there results the formation of a 

iw being. At stated times the mare, from a particu- 

part of the interior of bar body, called the ovary, 

;s rid of a minute particle of matter comparable in 

essential respects with tbat which we called a cqU a 

ittle while since, which cell contains a kind of nucleus 
in its centre, surrounded by a clear space and by a vis- 
cid mass of protein substance (Fig, 2) ; and though it 
is different in appearance from the eggs which we are 
mostly acquainted with, it ia really an egg. After a 
time this minute particle of matter, which may only be 
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a email I'ractiou of a grain in weight, undergoes a.seilej 
of cliangoii, — wonderful, compiux changes. Finallya^ 
upon its eurfiice tUerc is fasliioned a little elevatioofj 
wliioli at^r#ardfl becomes divided and marked by t 
groove. Tlic lateral boundaries of tke groove extenij 
njjwards and downM'ardB, and at length give rise to fl 
doublo tube. In the upper smaller taho the spini ' 
marrow and fcroin are fasshioned ; ia the lower, the s' 
mentory canal and heart, and at length two pairs < 
buds shoot out at the sidca of the hody, which use thJ 
rudiments of the limbs. In fact a true drawing of aM 
flection of the embryo in this state would in all eaaen-J 
tial respccta resemble that diagram of a horse retiucet 
to its eiinplest expression, which I first placed before 
you (Fig. 1). 

Slowly and gradnally tliesc changes take place<l 
The whole of the body, at first, can be broken up ini 
" cells," which become in one place metamorphoaedl 
into muscle, — in another place into gristle and 1 
— in another place into fibrous tissue, — and in anotheM 
into hair ; every part becoming gradually and slowly^ 
fashioned, aa if there were an artificer at work at cacltj 
of theso complex structures that we have mentioned. 
This embryo, as it is called, then passes into other con<J 
ditions. This diagram represents the embiyo of a dog Jf 
and I should tell you that there is a time when thoi 
emJjryoB of neither dog, nor horse, nor porpoise, norh 
monkey, nor nran, can be distinguished by any t 
tial feature one from the other ; there is a time wheit 
they each and ail of them resemble this one of the DOgJ 
But as development advances, all the parts acq^nirefl 
their speciality, till at length you have the embiy* 
converted into the form of the parent from which iti 
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etarted. So that you sec, this living animat, tbis horse, 
begins jtB ex-istence as a minute particle of iHtrogeaoua 
matter, -which, being BUpplied with nutrimeut (derived, 
aa I have- shown, from the inorganic world), grows up 
according to the special typo and constrnction of its 
parents, worka aud undergoes a constant waste, and 
that waste is made good by nutriment derived from 
the inorganic world; the waste given off in this way 
being dh-eetiy added to the inorganic world ; and 
eventually the anim al itself dies, and, by the process 
of decomposition, its whole body ia returned to those 
conditions of inoi'g&uic matter in which its substance 
originated. 

This, then, is that which is tme of every li\-ing 
form, from the lowest plant to the highest anhnal — to ■ 
man himself. You might define the life of every one 
in exactly the samo terras as those which I have now . 
used ; the difference Itctwcen the highest and the 
lowest being simply -in the complexity of the develop- 
mental changes, the variety of the structural forms, 
the diversity of the physiological functions which are 
exerted by each. 

If I were to take an oat tree as a specimen of tlie 
plant world, I should find that it originated in an acorn, 
which, too, commenced in a cell ; the acorn is placed 
in the ground, and it very speediiy begins to absorb 
the inorganic matters I have named, adds enormously 
^to its built, and we can see it, year after year, extcnd- 
; itself upward and downward, attracting and ap- 

ropriating to itself inorganic materials, which it vivi- 
I and eventually, aa it ripens, gives off its own 

roper acorns, which again run the same course, Buf 
i not multiply examples — from tlio highest to the 
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lowest tlie essentia] features of life are the same, as ] 
have doscribed in each of these cases, 

go much, then, for these partieular features of t 
organic world, which yon can iindej-etand and eompn 
hend, so long as yuu confine yourself to one Bort 
Hving being, and study that ouly. 

But, as you know, horses are not the only Uvinj 
creatures in the world; aud again, horses, like 
other animals, have certain Umits — are confined to i 
certain area on the surface of the earth on which i 
live — and, as that is the simpler matter, I may tal 
that first. In its wild state, and before the discovei 
of America, when the natural state of things was int^ 
fered witli by the Spaniards, the Horse was only t 
found in parte of the earth which are known to gee 
graphers as the Old "World ; that is to say, you migm 
inoet with horaeg in Europe, Asia, or Africa ; but this 
were none in Australia, and there were none what» 
ever in the whole continent of America, from Labrad<H 
down to Cape Horn, Tliis is' an empirical fact, t 
it is what, is called, stated in the way I have gi^en i 
you, the "Geographical' Distribution" of the Horse. 

"Wily horses sliould be found in Europe, A 
Africa, and not in America, is not obvious ; the expll( 
nation that the conditions of life in America are u 
favorable to their existence, and tliat, therefore, 'thM 
had not been created there, evidently does not apply ; f« 
when the invading Spaniards, or our own yoomen far 
ers, conveyed horses to these countries for their ow 
use, they wore found to thrive well and multiply v 
rapidly ; and many are even now running wild in that 
countries, and in a perfectly natural condition. Now 
suppose we were to do for every animal what we hav3 
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for the Horse — that is, to mark off and dis- 
tinguish the particular district or region to which each 
belonged ; and supposing we tabulated all these results, 
that would be called the Geographical Distribution of 
:iuiimals, while a corresponding study of plants would 
^ield as a result the Geograpliical Distrihution of plants, 

I pass on from that now, as I merely wished to 
explain to you what I meant by the use of the terra 
" Geographical Distribution." As I said, there is another 
aspect, and a much more important one, and tliat is, 
the relations of the various animals to one anotiier. 
The Horse is a very well defined matter-of-faet sort of 
animal, and we are all pretty familiar with its structure, 
dare say it may have struck you, that it resembles 
■ery muuh no other member of the animal kingdom, 
except perhaps tlie Zehra or the Ass. Bat let me ask 
you to look along these diagrame. Here is the skeleton 
of the Horse, and here the skeleton of the Dog. You 
will notice -that we have in the Horse a skull, a back- 
bone and ribs, shoulder-blades and Iiaunch-bonGs. In 
the fore-lirab, one upper arm-bone, two fore arm-bones, 
wrist-bones (wrongly called knee), and middle hand- 
bonea, ending in the three bones of a finger, tbe_ last 
of which is sheathed in the homy hoof of the fore-foot : 
in the liind-limh, one thigh-hone, two leg-bones, aokle- 
bones, and middle foot-hones, ending in the three hones 
of a toe, the last of which is encased in the hoof of the 
hind-foot. Now turn to the Dog's skeleton. We find 
identically the same bones, but more of them, there 
being more toee in each foot, and henee more toe-hones. 

"Well, that is a very curious thing ! Tlie fact is 
that the Dog and the Horse — when one gets a look at 
them without 'the outward impediments of the skin — 
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are found to be made in very much tlie Bamc sort 4 

fashion. And if I were to make a transvei 
of the Dog, I should find the same organs that I han 
already Khown you aa forming parts of the Hoi 
"Welij here is another ekeloton — that of a kind of I 
— you Bee lie has just the eame hones ; and if I ■« 
to make a tranaverse section of it, it would lie just & 
game again. In your mind's eye turn him arouiidii| 
as to put his hackhouo iu a position inclined obliqnrf 
upwards and forwards, just as in tho nest thread." 
gfams, which represent the skeletons of an OraogJ 
Chimpanzee, a Gorilla, and you find you have 1 
trouble in identifying the bones throughout ; and h 
turn to the end of the series, the diagram represenfia 
a man's skeleton, and. still yon find uo great stmctc 
feature essentially altered. There are the same boj 
in tlie same relations. From the Iloree we pass n 
and on, with gradual steps, nntil we anive at lastf 
the Jiighest known forms. On the other- hand, t " 
tho other line of diagrams, and pass from the Hoi 
downwards in the scale to this fish ; and still, thoti| 
the modifications are vastly greatetj the essential f. 
work of the organization remains unchanged. Hw 
for instance, is a Porpoise ; here is its strong backboi 
with the cavity running through it, which contains t 
spinal cord ; hero are the ribs, here the shouldcr-bla* 
liere ia the little short npper-arm bone, here are t 
two forearm bones, the wrist-bone, and the finger-boDtS 
Strange, is it not, that the Porpoise should liave^ 
this queer looking affaii" — its flapper (as it is callet 
the same fundamental elements as the fore-leg of t' 
Horse or the Dog, or tho Ape or Man ; and here ym 
will notice a very curious thing — the hinder limbs a 
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ibsent. Now, let us make another jump. Let ua go 
to tlie Codfiali : here you see is the forearm, in this 
large pectoral fin — carrying your mind's eye onward 
from the flapper of the Porijoise. And here yoii have 
the hinder limbs restored in the shape of these ventral 
fins. K I were to make a transverse section of this, I 
should fiud just the same organs that we have before 
noticed. So that, you see, there comes oot this strange 
conclusion as the result of our investigations, that the 
Horse, when examined and compared with other ani- 
mals, is found by no means to stand alone in nature ; 
but that there are an enormous number of other crea- 
tures which have backbones, ribs, and legs, and other 
porta arranged in the same general manner, and in all 
their formation exhibiting the same hroad peculiarities. 

I am sure that yon cannot have followed mo even 
in this extremely elementary exposition of the stnic- 
tural relations of animals, without seeing what I have 
been driving at all through, which is to show you that, 
step by stop, naturalists have come to the idea of a 
unity of plan, or conformity of construction, among 
animals which appeared at first sight to be extremely 
dissimilar. 

And hero yoa have evidence of such a unity of plan 
among all the animals which have backbones, and 
which we technicaUy call Yertehrata. But there are 
multitudes of other animals, such as crabs, lobsters, 
spiders, and so on, which we term Annvlosa. In these 
I could not point out to yon the parts that correspond 
witli those of the Horse — the backbone, for instance — 
as tlioy are constructed upon a very different principle, 
which is also common to all of them ; that is to say, 
the Lobster, the Spider, and the Centipede, have a 
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common plan running tiiroiigli their whole : 
mcnt, in just the Bomo way that the Uoree, tile J 
and the Por]>oiso assiuitlato to each other. 

Yet other creatui'es — whelks, cuttlefishes, o^bU 
snails, and all their tribe {MoUusca) — resemble i 
another in the same way, but differ from both Vd 
brala and Anmdoaa ; and the like is true of the i 
mala called Gvlenterata (Polypes) and Protozoa ( 
lualcules and sponges). 

!Now by pursuing this sort of eoirtparison, natoi 
have arrived at the conviction that there are — some 
think five, and some ecvcn — but certainly not more 
than the latter number — and perliaps it is simpler to 
assume five — distinct plans or constructions in the 
whole of the animal world ; and that the hundreds of 
tiiouBands of epecies of creatarea on the surface of the 
earth, are all reducible to those five, or, at mostj seven, 
plans of organization. 

But can we go no further than that \ When one 
has got so far, one is tempted to go on a step and in- 
quire whether we cannot go back yet further and bring 
down the whole to modifications of one primordial 
unit. The anatomist cannot do this ; but if he call to 
his aid the study of development, he can do it. For 
wo shall find that, distinct as those plans are, whether 
it be a porpoise or man, or lobster, or any of tliose 
other kinds I have mentioned, every one begiuB its ex- 
istence with one and the same primitive form, — that of 
tlie egg, consisting, as we have seen, of a introgenona 
substance, having a small particle or nucleUB in the 
centre of it. Furthermore, the earlier changes of each 
are substantially the same. And it is in tliis that Ilea 
that true " unity of organization " of the animal king- 
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1 whicli lias been guessed at and fancied for raany 
years ; but which it liaa been Itrfl. to the present time 
to be dcraonetrated by the careful etndy of develop- 
ment. But is it possible to go another step further 
etil!, and to Bhow that in tho same way the -whole of 
the organic world ia reducible to one primitive, con- 
dition of form ? Is there among the plants tlie same 
primitive form of organization, and is that identical 
with that of the animal kingdom ? The reply to that 
question, too, is not uncertain or doubtfnl. It is now 
proved that every plant begins its existence under tho 
same form ; that is to say, in that of a cell — a jiarticle 
of introgenous matter having substantially the same 
oonditiona. So that if yon trace back the oak to its 
first germ, or a man, or a horse, or lobster, or oyster, 
or any other animal you choose to name, you shall find 
each and all of these commcneiug their esietence in 
forma essentially similar to each other : and, further- 
more, that the first processes of growth, and many of 
the subsequent modifications, ai'c essentially the same 
in principlfl in almost all. 

In eonclusion, let me, in a few words, recapitulate 
the positions which I have laid down. And you must 
understand tliat I have not been talking mere theory ; 
I have been speaking of matters which are aa plainly 
demonstrable aa the commonest propositions of Euclid 
— of facts tliat mnst form the basis of all epecuIatioTis 
and beliefs in Biological science. We have gi-adually 
. traced do\ni all organic forms, or, in other words, wo 
have analyzed tlie present condition of animated na- 
ture, until we found that each species took its origin in 
a form similar to that under which all the others com- 
mence their osiatonce. We have found the whole of 
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the vast array of living forms, with which we are sur- 
rounded, constantly growing, increasing, decaying, and 
disappearing ; the animal constantly attracting, modify- 
ing, and applying to its sustenance the matter of the 
vegetable kingdom, which derived its support from the 
absorption and conversion of inorganic matter. And 
so constant and universal is this absorption, waste, and 
reproduction, that it may be said with perfect certainty 
that there is left in no one of our bodies at the present 
moment a millionth part of the matter of which they 
were originally formed ! We have seen, again, that 
not only is the living matter derived from the inor- 
ganic world, but that the forces of that matter are all 
of them correlative ^vitll and convertible into those of 
inorganic nature. 

This, for our present purposes, is the best view of 
the present condition of organic nature which I can lay 
before you : it gives you the great outlines of a vast 
picture, which you must fill up by your own study. 

In the next lecture I shall endeavour in the same 
way to go back into the past, and to sketch in the same 
broad manner the history of life in epochs preceding 
our own. 
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Ik the lecture -whicli I delivered last Monday even- 
ing, I endeavoured to eketch iu a very brief manner, 
but as well as the time at my disposal would permit, 
the present condition of organic nature, moaning by 
that large title simply an indication of the great, broad, 
and general principles wliich ai"e to be discovered by 
those who look attentively at the phenomena of or- 
ganic nature as at present displayed. The general re- 
sult of onr investigations might be snmmed up thns : 
we found that the multiplicity of the forms of animal 
life, great as that may be, may bo I'oduced to a com- 
paratively few primitive plans or types of coustruction ; 
that a further study of the development of those dif- 
ferent forms revealed to us that tiiey were again re- 
ducible, until wo at last brought the infinite diversity 
of animal, and even vegetable hfe, do-mi to the primor- 
dial form of a single cell. 

We found tliat our analysis of the organic world, 
whether animals or plants, showed, in the long run, 
that they might both be reduced into, and were, in 
fact, composed of the same constituents. And we saw 
that the plant obtained the materials constituting its 
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substance by a peculiar comLination (Sf matters bcloi 
ing entirely to the inorganic world ; that, tlien, i 
animal was constantly appropriating the uitrogenooi 
matters of the plant to its own nourislimeiit, and rea 
turning tliem back to tko inorganic world, in what v 
spoke of as its waste ; and that, finally, when thffi 
animal ceased to exist, the constituents of its body: 
were dissolved and transmitted to that inorganic worlcK 
whence they had been at first abstracted. Thus w^ 
saw in both the blade of grass and the horse but tha* 
same elements differently combined and an-anged. Ww 
discovered a continual circulation going on, — the planu 
drawing in the elements of inorganic nature and c 
bining them into food for the animal creation ; the aniJ 
mal borrowing from the plant the matter for its ow 
support, giving off during its life products which re^ 
turned immediatdy to the inorganic world ; and that^ 
eventually, the constituent materials of the whole struo; 
ture of both animals and plants were thus returned 1 
their original source: there was a constant passagi 
from one state of ^stence to another, and a retumingj 
hack again. 

Lastly, when we endeavoured to form some notioxfcl 
of the nature of the forces exercised by living heingSj T 
we discovered that they — if not eapabie of being sub- 
jected to the same minute analysis as the constituents- J 
of those beings themselves — that they were correlative! 
with — that they were the equivalents of the forces of ■ 
inorganic nature — ^that there were, in tlie sense iai 
which the term is now used, convertible with theni.f 
That was oxir general result, 

And now, leaving the Present, I must endeavoup-a 
in the same manner to put before yon the facta tha^J 
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to be (liscoveved in the Past liietorj of tlio living 
Id, in t!ie past conditionB of organic nature. "We 
have, to-niglit, to deal with the facta of that hiatory — 
a history iavolviog periods of tune before which our 
mere human records sink into utter insignificance — a 
history the variety and physical magnitude of whose 
events cannot even be foreshadowed by the history of 
human life and human phenomena— a histoi-y of the 
most varied and complex character. 

Wo must deal with the history, then, in the first 
place, as we should deal with all other histories. The 
historical student knows that hia first business should 
be to inqnire into the validity- of his evidence, and the 
nature of the record in which the evidence is contain- 
ed, that he may be able to form a proper estimate of 
the correctneaa of the conclusions which have been 
drawn from tliat cvideiice. So, liere, we must pass, in 
the first place, to the consideration of a matter which 
may seem foreign to the queetion under discussion. 
We must dwell upon the nature of the records, and 
the cred ibility of the evidence they, contain ; we must 
look to the completeness or incompleteness of those 
records themselves, before we turn to that which they 
contain and reveal. Tlie question of the credibility of 
the history, happily for ub, will not require much con- 
sideration, for, in this liistory, unbkc those of human 
origin, there can be no cavilling, no differences as to 
the reality and truth of the facts of which it is made 
up ; the facts state themselves^ and are laid out clearly 
before ua. 

But, although one of the greatest difficulties of the 
historical student is cleared out of our path, there are 
other difficulties — difQculties in rightly interpreting the 
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facts hb tliey ore presented to lis — wLieli may be com- 
pared witli thu greatest diHiuuIties of any other iduda 
of liifilorical study. 

What is tliifl record of the past history of tlie globe, 
and what oiu the qucgtions which are involved in aa 
inquiry into its complutenuss or incompleteness^ That 
rocord is couipusi^d of mud ; and the question wliich 
we have to investigate this evening resolves itself into 
a quostion of the formation of mud. You may tliinlc, 
perhaps, that this is a vast stejj — of almost from the 
Bubliiuo to the ridiculous — from the contemplation of 
the history of the past ages of the world's existence to 
the consideration of the liietory of the fonnation of 
mud 1 Eut, in nature, there is nothing mean and un- 
wortliy of attention ; there is nothing ridiculous or con- 
temptible in any of her works ; and this inquiry, you 
will soon see, I hope, takes m to tlie very root and 
foundations of our subject. 

How, then, is mud formed ? Always, with some 
trifling exception, which I need not consider now — 
always, as the result of the action of water, wearing 
down and disintegrating the surface of the earth and 
rocks with which it comes in contact — pounding and 
grinding it down, and carrying the particles away to 
places where they cease to be disturbed by this me- 
chanical action, and where they can subside and rest. 
For the ocean, nrged by winds, washes, as wb know, 
a long extent of coast, and every wave, loaded as it ia 
with particles of sand and gravel as it breaks upon the 
shore, does something towards the disintegrating pro- 
cess. And thus, slowly but surely, the hardest rocks 
are gradually ground down to a powdery substance ; 
and the mud thus formed, coarser or £ncr, as the case 
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f be, is earned by the rush of the tides, or currents, 
it reaches the comparatively deeper parts of the 
ocean, in which it can sink to the bottom, tliat is, to 
parts where there is a depth of about fourteen or fifteen 
I'athoms, a depth at which the water is, usually, nearly 
motionlesB, aud in which, of course, the finer particJea 
of this detritus, or mud, as we call it, sinks to the 
bottom. 

Or, again, if you take a river, rushing down from 
its mountain sources, brawling over the stones and 
rocks that intersect its path, loosening, removing, and 
carrying with it in its downward couree the pebbles 
and lighter matters from ita banks, it crushes and 
pounds down the rocks and earths in precisely the 
same way as the wearing action of the sea waves. The 
matters forming the deposit are torn from the mouiitain- 
sida and whirled impetuously into the valley, more 
slowly over the plain, thence into the estuary, and from 
tJie estuary they are swept into the sea. The coarser 
and heavier fragments are obviously deposited first, 
that is, as soon as the current begins to lose its force 
by becoming amalgamated w^ith the stiller depths of 
the ocean, but tlie finer and lighter particles are carried 
farther on, and eventually deposited in a deeper and 
fcfitillcr portion of the ocean. 

It clearly follows from this that mud gives us a 
ronology ; for it is evident that supposing this, which 
T sketch, to bo the sea bottom, and supposing this 
S» be a coast-line ; from the washing action of the sea 
ipon the rock, wearing and grinding it down into a 
'sediment of mud, tlie mud i^-ill be carried down, and 
at length, deposited in the deeper parts of tliis sea hoir 
torn, where it will form a layer ; and then, while that 
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first layer is hardening, other mud wliicU is coming 
from tlie aaniQ sonrce will, of course, be carried to tlie 
Bame place ; and, fis it is quite impogBible for it to get 
beneath the layer already there, it depusita itself above 
it, and forma another layer, and in that way you grad- 
ually Lave layers of mud constantly forming and hard- 
ening one above the other, and conveying a, record of 
time. 

It is a necessary result of tlio operation of the law 
of gravitation that the uppermost layer shall be the 
youngest aad tlie lowest the oldest, and that the differ- 
ent beds shall be older at any particular point or spot 
in exactly the ratio of their depth from the Biirface. 
So that if they were upheaved afterwards, and you had 
a series of these different layers of mud, converted into 
aandstone, or limestone, as the case might be, you might 
be snre that the bottom layer was deposited first, and 
that the npper layers were formed afterwards. Here, 
you sec, is the first step in the history — these layers of 
mud give us an idea of tune. 

The whole surface of the earth — ^I apeak broadly, 
, and leave out minor qualifications — is made up of such 
layers of mud, so hard, the majority of them, that we 
call them rock, whether limestone or sandstone, or 
other varieties of i-ock. And, seeing that every port 
of the crust of the earth is made up in this way, you 
might tltink that the determination of the chronology, 
the fixing of the time which it has taken to form tins 
crast is a comparatively simple matter. To take a broad 
average, ascertain how fast the mud is deposited upon 
the bottom of the sea, or in the estuary of rivoi's ; take 
5t to he an inch, or two, or three inches a year, or what- 
ever you may roughly estimate it at ; then take the 
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total tliickness of tlie wliole series of stratified rot-ks, 
Itrbich geologists estimate at twelve or tliirteen miles, 
T atout sevtntj thousand feet, make a sum in sliort 
iivision, divide the total thickness by that of the quan- 
* tity deposited in one year, and the result will, of course, 
give you the number of years which the cmst baa taken 
to form. 

Truly, that looks a very simple process 1 It would 
I be so except for certain difficulties, the very firat of 
f which is that of finding how rapidly sediments arc de- 
posited ; but the main difficulty — a diiEculty which 
renders any certain calculations of such a matter out 
of the question — is this, the sea-bottom, ou which the 
deposit takes place is continually shifting. 

Instead of the surface of the earth being that stable, 

fixed thing that it is popularly believed to be, being, 

in common parlance, the very emblem of fixity itself, 

it is incessantly moving, and is, in fact, aa unstable as 

the surface of the sea, except that Its undulations are 

Linflnitely slower and enormously higher and deeper. 

I New, TV'hat is the efi'ect of tliis oscillation 3 Take 

"the ease to which I have previously referred. Tlie finer 

or coarser sediments that aro carried down by the 

current of the river, will only be carried out a certam 

distance, and eventually, as wo have already seen, on 

reaching the stiller part of the ocean, ■will be deposited 

at the bottom. 

Let y (Fig. 4) be the sea-bottom, y D the shore, 
>/ the Bca-level, then the coarser deposit will subside 
er the region B, the finer over A, while beyond A 
Jiere will be no deposit at all ; and, consequently, no 
word win be kept, simply because no deposit is going 
Now, suppose that the whole land, C, D, which 
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WO have regarded aa etationaiy, goes down, as it does 

so, liotli A and B go furt!ic-r out Irom tlie Bhoro, ■which 




will be at y', x' y\ being the new scft-lcvel. Tlie con- 
sequence will be tliat the layer of mnd (A), being now, 
for the most part, further than the force of the current I 
is strong enough to convey even the finest debris, will, I 
of course, receive no more deposits, and having attained -1 
a nertftin tiiickness will now grow no thicker. 

"We should be misled in taking the thickness of that 
layer, whenever it may bo exposed to our view, aa a ' 
record of time in the manner in which wo are now ■ 
regarding this subject, as it would give ns only an j 
imperfect and partial record it would seem to repre-l 
sent too short a period of time. 

Suppose, on the other hand, that the land (0 Djl 
had gone on rising slowly and gradually — say an incll^ 
or two inches in the course of a century, — what would j 
be the practical effect of that movement ? Why, that 1 
the sediment A and B which has been already dep< 
ited, would eventually be brought nearer to the shore- 1 
level, and again subjected to the wear and tear of the j 
sea ; and directly the sea begins to act upon it, it would 1 
of course soon cut np and carry it away, to a greater -I 
or less extent, to be re-deposited fiirther out. 
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^F TVel], as tliere is, in all probability, not one eingle 
spot on the whole eurface of the earth, ■wliich Las not 
been up and down in tliis wa,y a great many times, it 
follows that the thickness of the deposits formed at 

fany particular spot cannot be taken (even supposing 
we had at first obtained correct data as to the rate at 
■which they took place), as aifording reliable informa- 
tion as to the period of time occupied in ite deposit. 
So that you see it is absolutely necessary from these 
facts, seeing that our record entirely consists of acenmii- 

ilations of mud, superimposed one on the other ; seeing 
in the next place that any particular spots on which 
accnmulationa have occurred, have been constantly 
inoving up and down, and sometimes out of the reach 
of a deposit, and at other times its own deposit broken 
up and carried away, it follows that our record must 
be iu the highest degree imperfect, and we have hardly 
a trace left of thick deposits, or any definite knowledge 
of the area that thoy occupied in a great many cases. 
And mark this I That supposing even that the whole 
Burfaee of the earth had been accessible to the geolo- 
gist, — that man had had access to every part of the 
earth, and had made seetions of the whole, and put 
them all together, — even then his record must of neces- 
sity bo imperfect. 

■ Eut to how much has man really access? If you 
Will look at this Map you will see that it represents 
ihe proportion of the sea to the earth : this coloured 
part iudicates all the dry land, and this other portion 
is the water. Tou will notice at once that the water 
^^Covcra three-fifths of the whole surface of tlie globe, 
^^HM>^ has covered it in the same manner ever since man 
^H|Us kept any record of his own observations, to say 
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nothing of the mmut« period during which he has cul- 
tivated geological uiqniry. So that threc-fii'tiis of tlio 
Biirfaco of tho earth is shut out from us because it is 
under the sea. Let ns look at the other two-fifths, and 
see what are the eountricB in which anything that may 
be termed searcliiug geological inquiry has been carried 
out : a good deal of France, Germany, and Great Brit- 
ain and Ireland, bits of Spain, of Italy, and of Russia, 
have been examined, but of the whole great mass of 
Africa, except parts of tho southern extremity, we know 
next to nothing ; little hits of India, but of the greater 
part of tho Asiatic continent nothing ; bita of the 
Northern American States and of Canada, but of the 
greater part of the continent of North America, and 
in still larger proportion, of South America, nothing ! 

Under these circumstances, it follows that even with 
rcfereacQ to that kind of imperfect information wliich 
we can possess, it is only about the ten thousandth part 
of the accessible parts of the earth that has been exam- 
ined properly. Therefore, it is with justice tliat the 
most thonghtful of those who are concerned in these 
inquiries insist continually upon the imperfection of 
the geological record ; for, I repeat, it is absolutely 
necessary, from the nature of tilings, that that record 
should be of the most fragraentaiy and imperfect char- 
acter. Unfortunately this circumstance has been con- 
stantly forgotten. Men of science, like young colta 
in a fresh pasture, are apt to be exhilarated on being 
turned into a new field of inquiry, and to go off at a 
hand-gallop, in total disregard of hedges and ditches, 
losing sight of the real limitation of their inquiries, 
and to forget the extreme imperfection of what is really 
known. Geologists have imagined that they could tell 
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s wLat was going on at all parts of the earth's snrface 
' during a given epoch ; they have talked of this deposit 
being contemporaneous with that deposit, until, from 
onr uttle local histories of the changes at hmited spots 
of the earth's surface, they have constructed a universal 
history of the globe as full of wonders and portents as 
any other story of antiquity. 

But what does tliis attempt to construct a universal 
history of the globe imply ? It implies that we shall 
not only have a precise knowledge of tlie events which 
have occurred at any particular point, hut that we shall 
be able to say what events, at any one spot, took place 
at the same time with those at other spots. 

Let us Bee how far that is in the nature of things 
practicable. Suppose that here I make a section of 
the Lake of Killamey, and here the section of another 
lake — that of Loch Lomond in Scotland for instance. 
The rivers that flow into thera are constantly carrying 
down deposits of mud, and beds, or strata, are being aa 
constantly formed, one above t!ie other, at the bottom 
of those lakes. Now, there is not a shadow of doubt 
that in these two lakes the upj>er beds are all older than 
the lower — there is no donbt about that ; h\it what does 
iJiia tell ns about the age of any given bed in Loch 
Lomond, as compared with that of any given bed in 
the Lake of ICillamey? It is, indeed, obvious that if 
any two seta of deposits are separated and discontinu- 
ous, there is absolutely no means whatever given you 
ijby the nature of the deposit of saying whether one is 
jbuch yonngei- or older than the other ; but you may 
Wy, as many have said and think, that the case is very 
Bittch altered if the beds which we are comparing ar« 
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continuous. Suppose two beds of mud hardened into 
rock, — A and B are seen in section. (Fig. 5.) 

Well, you say, it is admitted that the lowermost 
bed is always the older. Very well ; B, therefore, is 
older than A. No doubt, as a whole^ it is so ; or if 
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any parts of the two beds which are in the same verti- 
cal line are compared, it is so. But suppose you take 
what seems a very natural step further, and say that 
the part a of the bed A is younger than the part h of 
the bed B. Is this sound reasoning ? If you find any 
record of changes taking place at J, did they occur be- 
fore any events which took place while a was being 
deposited ? It looks all very plain sailing, indeed, to 
say that they did ; and yet there is no proof of any- 
thing of the kind. As the former Director of this In- 
stitution, Sir H. De la Beche, long* ago showed, this 
reasoning may involve an entire fallacy. It is extremely 
possible that a may have been deposited ages before h. 
It is very easy to understand how that can be. To 
return to Fig. 4 ; when A and B were deposited, they 
were substantially contemporaneous ; A being simply 
the finer deposit, and B the coarser of the same detritus 
or waste of land. Now suppose that the sea-bottom 
goes down (as shown in Fig. 4), so that the first deposit 
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carried no farther than a, forming tlie bed A', mid 
the coarso no farther than ft,-forming the bed B', the 
result will be the formation of two continuous beds, 
one of tine Bediment (AA') over-lapping another of 
coarse sediment (BE'). Now suppose the whole aca- 
bottora is raised up, and a section exposed about tlie 
point A'; no doubt, at this spot, the upper bed is 
younger than tho lower, But we should obviously 
greatly err if we concluded that the mass of the upper 
bed at A was younger than the lower bed at B ; for 
we have just seen that tliey arc contemporaneous de- 
posits. Still more should we be in error if we suppoEed 
the iipper bed at A to be younger than the continu- 
ation of the lower bed at B' ; for A was deposited long 
before B'. In fine, if, instead of comparing imme- 
diately adjacent parts of 'two beds, one of which lies 
npon another, we compare distant parts, it is quite pos- 
sible that the upper may be any number of yeai^s older 
than the under, and the under any number of years 
jrounger than the upper. 

j" Now you must uot suppose tliat I put tliis before 
you for the purpose of raising a paradoxical difficulty ; 
the fact is, that the great mass of deposits have taken 
place in sea-bottoms which are gradually sinking, ami 
have been formed under the very conditions I am here 
fiuji posing. 

Do not run away with the notion that this subverts 
the principle I laid down at first. The error lies in 
extending a principle wliich is perfectly applicable to 
deposits in the same vertical line to deposits which are 
not in that relation to one another, 

It 19 in consequence of circumstances of this kind, 
id of othera that I might mention to you, that our 
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conclusions on and interpretations of the record are 
really and strictly only valid so long as we confine our- 
eelrca to one vertical aoction, I do not mean to tell 
yoa that there are no quiilifying circumstances, eo 
that, even in very considerable arca^, wc may safely 
8puak of conformably superimposed beds being older 
or younger than others at many different points. But 
■wo can never be quite sure in coming to that con- 
elusion, and especially we cannot be sure if tliere is 
any break in tlieir continuity, or any very great dis- 
tance between the points to be compared. 

"\Vell now, BO much for the record itgelf, — eo much 
for its imperfections, — so much for the conditions to be 
observed in interpreting it, and its chronological indi- 
cations, the moment we pass beyond the limits of a 
vertical linear section. 

Now let us pass from the record to that -wliich it 
contains, — from the book itself to the writing and the 
iigures on its pages. Tliis writing and these figures 
consist of remains of animals and plants which, in tha* 
groat majority of cases, have lived and died in the verj 
spot in which wo now find them, or at least in the 
mediate vicinity. You must all of you be aware — 
and I referred to the fact in last Monday's lecture — 
that there are vaat numbers of creatures living at tho 
bottom of the sea. Theso creatures, like all others) 
sooner or later die, and their shells and hard parts lie 
at the bottom ; and then the fine mud which ia being' 
constantly brought down by rivers and the action of' 
the wear and tear of the sea, covers them over and' 
protects tiiem from any further change or alteration ;' 
and, of course, as in process of time the mud becomes 
hardened and solidified, the shells of these animals 
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preserred and firmly imbedded in the limestone or 
sandstone whicli is being thus formed. Yon may see 
in the galleries of the Museum iipstairs specimena of 
limestones in which such fossil remains of existing 
animals are imbedded. There are some specimens in 
■which tm-tle's eggs have been imbedded in calcareous 
sand, and before the sun had hatched the yonng turtles, 
they became covered over with calcareous mud, and 
thus have been preserved and fossilized. 

Not only does this process of imbedding and fos- 
silization occur with marine and other aquatic animals 
and plants, hut it affects those land animals and plants 
■which are drifted a-way to sea, or become buried in 
bogs or morasses ; and the animals ■which have been 
trodden down by theii- fellows and crushed in the mud 
at the river's bank, as the herd have come to di-int. ■ 
In any of these cases, the organiarae may be crushed 
or be mutilated, before or after putrefaction, in sucli a 
manner that perhaps only a part will be left in the 
form in which it reaches us. It is, indeed, a most re- 
markable fact, that it is quite an exceptional case to 
find a skeleton of any one of all the thousands of wild 
land animals that we know are constantly being kill- 
ed, or dymg in the course of nature : they are preyed 
on and devoured by other animals, or die in places 
where their bodies are not afterwards protected by 
mud. There are other animals existing in the sea, the 
shells of which form exceedingly large deposits. Tou 
are probably aware that before the attempt was made 
to lay the Atlantic telegraphic cable, the Government 
employed vessels in making a series of very careful ob- 
rvations and soundings of the bottom of t!ie Atlantic ; 

[ although, as we must all regi-ct, that up to the 
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present time tliat project has not succeeded, we 1 
tlie satisfaction of knowing that it yielded eome mcM 
remarkable results to science. The Atlantic i 
liad to be sounded rigLt across, to depths of sevei 
miles in some places, and the nature of its bottom t 
carefully ascertained. Well, now, a space of abootfl 
1,000 miles wide from east to west, and I do not ei-T 
actly know how many from north to south, but at anfm 
rate 600 or 700 miles, was carefully examined, and itfl 
was found that over tho whole of tliat immense ; 
an cxcefisively fine chalky mud is being dei>osited ; 
this deposit is entirely made up of animals whose 1 
parts are deposited in this part of the ocean, and i 
doubtless gi-adually aequiring solidity and becoming! 
metamorphosed into a chalky Hmestone. Thus, yoi 
Bee, it is quite possible in this way to preserve i 
takable rccorda of aulmal aud vegetable life. WheO"! 
ever tho eea-bottom, by some of thoee undulations of 'I 
the earth's crust that I hare referred to, beeomcs up*] 
heaved, and sections or borings are made, or pita atefl 
dug, then we become able to examine the contents andfl 
constituents of these ancient sea-bottoms, and find oat I 
what manner of animals lived at that period. 

Now it is a very important consideration in its bear- 
ing on the completeness of the record, to inquii-e how 
far the remains contained in these fossiliferous lime- 
stones are able to convey anything like an accorato 
or complete account of the animals which were in ex- 
istence at tlie time of its formation. Upon that point 
we can form a very clear judgment, and one in which 
there is no possible room for any mistake. There are 
of course a great number of animals — such as jelly- 
iishea, and other animals — without any hard parts, 
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P of which wo cannot reasonably expect to find any 
traces whatever : there is uothiog of them to preserve. 
Within a very short time, you will have noticed, after 
they are removed from the water, they dry up to a 
mere nothing ; certainly they are not of a nature to 
leave any very visible traces of their existence on such 
bodies as chalk or mud. Then again, look at land ani- 
mals ; it is, as I have said, a very uncommon thing to 
find a land animal entire after death. Insects and 
other carnivorous animals very speedily pull them to 
pieces, putrefaction takes place, and bo, out of the hun- 
dreds of thousands that are known to die every year, 
it is the rarest thing in the world to see one imbedded 
in such a way that its remains would he preserved for 
a lengthened period. Not only is this the case, but 
even when animal remains have been safely imbedded, 
certain natural agonta may wholly destroy and remove 
them. 

Almost all the hard parts of aijimals — the bones 

and BO on — are composed chiefly of phosphate of lime 

and carbonate of lime. Some years ago, I had to make 

an inquiry into the nature of some very curious fossils 

Hent to me from tlie North of Scotland. Fossils are 

Bftflually hard bony structures that have become imbed- 

■ded in the way I have described, and have gradually 

acquired the nature and solidity of the body with 

which tliey are associated ; but in tliis case I had a 

series of holes in some pieces of rock, and nothing else. 

Those holes, however, had a certain definite shape 

about them, and when I got a skilful workman to make 

_ castings of the interior of these holes, I found that they 

3 the impressions of the joints of a back-bone and 

*. the armour of a great reptile, twelve or more feet 
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long. Tliifl great beast had died and got buried in tl 
Biuid, tlio Hand had gradually hardened over the bo 
but remained porous. Watur had trickled thi-oug! 
and that water being probably charged with a bu 
fluity of carbonic acid, had dissolved all the pbosphat 
and carbonate of lime, and the bones theiiisclvea 1 
thus decayed and entirely disappeared ; bnt aa I 
aandstone happened to have consolidated by that t' 
the precise shape of the bones was retained. If t 
sandstone had remained soft a. little longer, wi 
have known nothing wliatBoever of the existence of t 
reptile whoso bones it had encased. 

llow certain it is that a vast number of anima] 
which have existed at one period on this earth 1 
entirely perished, and left no trace whatever of thej 
forms, may bo proved to yon by other considoratJoni 
There arc large tracts of sandstone in various parts of 
the world, in which no body has yet found anytlung 
but footsteps. Not a bone of any description, but e 
enoiTOoua number of traces of footsteps. There is i 
question about them. There is a wliole valley in C 
nectlcut covered with these footsteps, and not a a 
fragment of the animals which made them have 3 
been found. Let me mention another case while npoj 
that matter, which is even more surprising than tho8 
to which I have yet referred. There is a limostonf 
formation near Oxford, at a place called Stonesfieldi 
which has yielded the remains of certain very iatei 
csting mammalian animals, and up to this time, if I 
recollect rightly, there have been found seven spec' 
mens of its lower jaws, and not a bit of anything else 
neither limb-bones nor skull, or any part whateverfl 
not a fragment of the whole system I Of coarse, i 
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■oiJd be preposterous to iinagiiie that the beasts liad 
notliing else but a lower jaw 1 Tlie probability is, ae 
Dr. Buckland showed, as the result of his obeervatious 
on dead dogs ia the river Thames, that the lower jaw, 
not being secured by very firm ligaments to the bones 
of the bead, and being a weighty affair, would easily 
be knocked off, or might drop away from the body as 
it floated in water in a state of decomposition. The 
jaw would thus bo deposited immediately, while tlie 
rest of the body would float and drift away altogether, 
ultimately reaching the sea, and perhaps becoming de- 
stroyed. The jaw becomes covered up and preserved 
in the river silt, and thus it comes that we have such 
a curious eircuinstance as that of the lower jaws in 
the Stonosfield slates. So that, you see, faulty as these 
layers of stone in the earth's crust are, defective as they 
DCcessarilj arc as a record, tlie account of contempora- 
neous vital phenomena presented by them is, by the 
lecessity of the cascj infinitely more defective and frag- 
mtary. 

It was necessary that I should put all this very 

mgly before you, because, otherwise, you might 

have been led to think differently of the completeness 

of onr knowledge by the next facts I shall state to you. 

Tiie researches of the last three-quartei's of a century 

e, in truth, revealed a wonderful riclincBs of organic 

in those rocks. Certainly not fewer than thirty or 

thousand different species of fossils have been dis- 

ed. You have no more ground for doubting that 

creatures really lived and died at or near the 

i in which we find them than you have for like 

tticism about a shell on the sea-shore. The evidence 

good in the one case as in the other. 
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Our next businesB is to look at tlie general charac- 
tci' of tlicBQ fossil remains, and it is a suliject wliich will 
be requisite to consider carefully; and the fii-st point 
for ns is to axainine how muck the ei^tinct Flora and 
Fauna as a whole — disregarding altogetlier the auccea- 
gion of their constituents, of which I shall speak after- 
wards — differ from the Flora and Fauna of the present 
day ; — how far they differ in what we do know about 
them, leaving altogether out of consideration spccula- 
tiona based on wliat wo do not know. 

I strongly imagine that if it were not for the pecn- 
liur appeariince that fossiUzed animals have, that any 
of yon might readily walk through a musenm wliich 
contains fossil remains mixed up with those of the pres- 
ent forms of life, and I doubt very much whether your 
uninatmclcd eyes would lead you to see any vast or 
wonderful difference between the two. If you looked 
closely, you would notice, in the first place, a great 
many things very like animals with which you are 
acquainted now : you would see differences of si " 
ind proportion, but on the whole a close similarity. 

I explained what I meant by Oedees the other 
wlicn I deseribcd the animal kingdom as being divided 
into sub-kingdoms, classes, and orders. If you divide 
the animal kingdom into orders, you will find that 
there are above one hundred and twenty. The 
bcr may vary on one side or the otlier, but thi 
fair estimate. Tliat is the sum total of the orders 
all the animals which wo know now, and which hai 
been known in past times, and left remains behind. 

Now, how many of those are absolutely citinc 
That is to say, how many of these orders of 
have lived at a former period of the world's hiatoi 
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but liave at present no representatives 1 That is tLe 
sense in 'whicli I meant to use the word " extinct." I 
mean that those animals did live on this earth at one 
time, but have left uo one of their kind with us at the 
present moment. So that estimating the number of 
extinct animals is a sort of way of comparing the past 
creation as a vrhole with the present as a whole. To 
make that clear, I have written in red ink on thtse 
diagrams the names of all those extinct orders, and in 
black ink the names of the rest. Among the mammalia 
and birds there are none extinct ; but when we come 
to tlie reptiles there is a most wonderful thing : out of 
the eight orders, or thereabouts, which you can make 
among reptiles, ono-half are extinct. These diagrams 
of the plbsiosaurus, the ichthyoaaurus, the ptcrodaetyle, . 
give you a notion of some of these extinct reptiles. 
And here is the east of the pterodact^le and bones of 
the ichthyosaurus and the plesioaaurus, just as fresh as 
if it had been recently dug up in a churchyard. Thus, 
in the reptile class, there are no less than half of the 
orders which are absolutely extinct. If we turn to the 
Amphibia^ there was one extinct order, the Labyrintho- 
donte, typified by the large salamander-like beast shown 
in this diagram. 

No order of fishes is known to be extinct. Every 
fish that we find in the strata — to which I have been 
referring — can be identified and placed in one of the 
orders which exist at the present day. Tliere is not 
known to be a single ordinal form of insect extinct. 
There are only two orders extinct among the Gi-ustacea. 
There is not known to be an extinct order of these crea- 
tures, the parasitic and other woruas ; but there arc two, 
not to say three, absolutely extinct orders of this class, 
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the JEcMnodcrmata-; out of all the orders of the Ccelen- 
Utrata and Protuzoa only one, tlie Ritgoae Corala. 

So tliiit, yon et'i", out of Boinewhere about 120 ordeiB 
of aiiiuiiik, taking them altogetlicr, you will not, at the 
outside estimate, find iilxive tuu or a dozen extinct. 
Summing up all die order of animalg wliicli liave k-ft 
remains behind theiu, yon M'ill not find above ten or 
a dozen which cuimot bo arranged with those of the 
present day ; that is to say, that the difference dots 
not amount to mneh more than ten per cent. ; and the 
proportion of extinct orders of plants is Btill EiraUer. 
I think that tliat is a very astounding, a most astonish- 
ing fact, seeing tlic enormous epoclis of time wliich 
have elapsed during tho eonatitution of the surface of 
the earth as it at present exists ; it is, indeed, a most 
astoiuiding thing that the proportion of extinct on 
types should be so exceedingly small. 

But now, there is another point of view in whid 
we must look at this past creatiofl. Suppose that 
were to sink a vertical pit through the floor beneath 
us, and that I could succeed in making a section right 
through in the direction of Kew Zealand, I should find 
in each of the different beds through which I passed 
the remains of animals which I should find in that 
stratum and not in the others. First, I shoidd come 
upon beds of gravel or drift containing the bones of 
large animals, such as the elephant, rhinoceros, and 
eave tiger. liatlier curious things to fall acn 
Piccadilly ! If I should dig lower still, I should 
upon a bed of what we call the London clay, and io^ 
this, as you will see in our galleries up-stairs, are found 
remains of strange cattle, remains of turtles, palms, and 
large tropical fruits ; with ehell-fiah such as you see the 
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f now only in tropical regions. If I went below 
that, I fihould come upon the chalk, and there I should 
find something altogether different, the remains ot 
ichthyoEaui'i and ptcrodactyles, and ammonites, and 
so forth. 

I do not know what Mr, Godwin Austin would say 
eomea nest, but probably rocks containing more am- 
monites, and more ichthyosauri aud plesiosauri, with 
a vast number of other things ; and under that I should 
meet with yet older rocks, containing numbers of strange 
shellB and fishes ; and in thus passing from the surface 
to the lowest depths of the earth's crust, the forms of 
animal life and vegetable life which I should meet with 
in the successive beds woiild, looking at them broadly, 
be the more different the further that I went down. 
Or, in other words, inasmuch as we started with the 
clear principle, that in a eerieg of naturally-disposed 
mud beds the lowest are the oldest, wo should come 
to this result, that the further we go back in time tho 
more difference exists between the animal and vege- 
table life of an epoch and that which now exists. That 
was the conclusion to which I wished to bring you at 
the end of this Lcctm-e. 



LECTURE m. 

THE METHOD BY WHICH THE CAUSES OF THE PRES- 
ENT AND PAST CONDITIONS OF ORGANIC NATURE 
ARE TO BE DISCOVERED.— THE ORIGINATION OF 
LIVING BEINGS. 

In the two preceding lectures I have endeavoured 
to indicate to you the extent of the subject-matter of 
the inquiry upon which we are engaged; and now, 
having thus acquired some conception of the Past and 
Present phenomena of Organic Nature, I must turn, to- 
night, to that which constitutes the great problem which 
we have set before ourselves; — I mean, the question 
of what knowledge we have of the causes of these 
phenomena of organic nature, and how such knowl- 
edge is obtainable. 

Here, on the threshold of inquiry, an objection 
meets us. Tliere are in the world a number of ex- 
tremely worthy, well-meaning persons, whose judg- 
ments and opinions are entitled to the utmost respect 
on account of their sincerity, who are of opinion that 
Vital Phenomena, and especially all questions relating 
to the origin of vital phenomena, are questions quite 
apart from the ordinary run of inquiry, and are, by 
their very nature, placed out of our reach. They say 
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,11 theae plienomcna originated miraciiloiislj', or 
in Boiiie way totally different from the ordinary course 
of nature, and that therefore they conceivo it to be 
futile, not to Bay preeuniptuous, to attempt to inquire 
into them. 

To such sincere and earnest persons, I would only 
eay, that a question of tliia kind is not to be shelved 
upon theoretical or speculative grounds. Ton may 
remember the story of the Sophist who demonstrated 
to Diogenes in the most complete and satisfactory man- 
ner that he could not walk ; that, in fact, all motion 
was an impossibility ; and that. Diogenes refuted him 
by simply getting up and walking round iiis tub. So, 
in the sarue way, the man of science replies to objec- 
tions of this kind, by simply getting up and walking 
onward, and showing what science has done and is 
doing, — by pointing to that immense mass of facts 
which have been ascertained and systeraatized under the 
foi-ma of the great doctrines of , Morphology, of Develop- 
ment, of Distribution, and the like. He sees an enor- 
mous mass of facts and laws relating to organic beings, 
which stand on the same good sound foundation as 
every other natural law ; and, therefore, with this mass 
of facts and laws before us, seemg that, as far as organic 
matters have hitherto been accessible aftd studied, they 
have shoivn tliemselves capable of yielding to scientific 
investigation, we may accept this as proof that order 
and law reign there as well as in the rest of nature ; 
and the man of science says nothing to objectors of 
this sort, but supposes that we can and shall walk to 
the origin of organic nature, in the same way that we 
have walked to a knowledge of the laws and orinciples 
of the inorganic world. 



6i 



ItCTBOD OF SISCOTSBT. 



But there are objeetora who eay tlie same from 
ignorance and ill-will. To auch I wouW reply tliat t' 
objection cornea ill from tbem, and tLat tbe real prfl 
Bumptiou, I may almost say the real blaaphemy, in thi 
matter, ia in the attempt to limit that ijtquiry into t" 
caaaes of phenomena which is the source of all humai 
blessings, and from which lias sprung all human proB* 
pority and progress ; fur, after all, we can aceompliah 
comparatively little ; the limited range of our own 
faculties boundfl us on every side, — the field of our 
powers of observation is small enough, and he who en*fl 
deavours to narrow the apliere of our inquiries ia orilj| 
pursuijig a course that is likely to produce the greatea 
harm to his fellow-men. 

Kut now, assuming, as we all do, I hope, that thea 
phenomena rn-o properly accessible to inquiry, and set*!] 
ting out iipon our acarch into tlic causes of the plio- 
nomena of organic nature, or, at any rate, setting out to 
discover liow much we at present know upon 1 
ahatruse matters, the question arises as to what is to h 
our course of proceeding, and what method wo mui 
lay do\vn for our guidance, I reply to that questioQjl 
that our method must be exactly tlie same as that 
which is pursued in any other scientific inquiry, th« 
method of scientific investigation being the same fo^ 
all orders of facta and phenomena whatsoever. 

I muat dwell a little on this point, for I wish yoiH 
to leave this room with a very clear conviction ■' 
scientific investigation ia not, aa many people S' 
Buppoae, some kind of modern black art. I say thi 
you might eaaily gather this imprcssson from the n 
nee in which many persons speak of scientific inquit^ 
or talk about inductive and deductive philosophy, 
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principles of the " Baconian pliilosopliy." I do 
protest that, of the Taet number of eante in this world, 
there are none, to my mind, bo contemptible as tho 
pseudo-scientific cant which ia talked about the " Ba- 
conian philosophy." 

To hear people talk about the great Chancellor,— - 
and a very great man he certainly was, — you would 
think that it was he who had invented science, and 
that there was no such thing as sound reasoning before 
the time of Queen Elizabeth I Of course, you say, 
that cannot possibly be true ; you perceive, on a mo- 
ment'a reflection, that such an idea is absurdly wrong ; 
and yet, eo firmly rooted is this sort of impression, — I 
Limot call it an Idea, or conception, — the thing ia too 
.bsurd to be entertained, — but so completely does it 
exist at the bottom of most men's minds, that this has 
been a matter of observatioii with mo for many years 
past. There are many men who, though knowing ab- 
eolutely nothing of the subject with which they may 
be deaUng, wish, nevertheless, to damage the author 
of some view with wliich they tliink lit to disagree. 
What they do, tlien, ia not to go and learn something 
about the subject, wliich one would naturally think the 
best way of fairly deahng with it ; but they abuse the 
originator of the view they question, in a general man- 
ner, and wind up by saying that, " After all, you know, 
the principles and method of this author are totally 
opposed to the canons of the Baconian philosophy." 
Then everybody applauds, as a matter of course, and 
sgreeB that it must be so. But if you were to stop 
them all in the middle of their applause, you would 
probably find that neither the speaker nor his ap- 
plauders could tell you how or in what way it was so ; 
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neitlier tlic one nor the other having the slightest idea 
of what tbcy mean when thoj Bpcak of the " Baconian 
philosojihy." 

You will niiJcrstand, I hope, that I have not the 
■ sHghteBt desire to join in the outcry against either the 
morals, the inlttllcft, or the great genius of Loi-d Chan- 
cellor Bacon. He was undoulitcdiy a very great man, 
let people say what they will of him ; but notwitU- 
etanding all that he did for jihilosophy, it would be 
entirely wrong to suppose that the metliods of modem 
eeientific uiquiry orighiated with him, or with Lis age; 
they originated with the first man, whoever he was; 
and indeed existed long before him, for many of tlie 
easential processes of reasoning are exerted by the 
higher order of brutes as completely and eifectively as 
by ourBelves. "VVe see in many of the brute creation 
the exercise of one, at least, of the same powers of 
reasoning as that wliich we oui-selves employ. 

The method of ecientlfie investigation is nothing 
but the expression of the necessary mode of working 
of the human mind. It is simply the mode at which 
all phenomena - are reasoned about, rendered precise 
and exact. There is no more difference, bnt there i» 
just the same kind of difference, between the mental- 
operations of a man of science and those of an ordinary 
person, as there is between the operations and methods 
of a baker or of a butcher weighing out his goods in com- 
mon scales, and the operations of a chemist in perform- 
ing a diiSeult and complex analysis by means of hi* 
balanee and finely-graduated weights. It is not that 
the action of the scales in the one ease, and the balance 
in the other, differ in the principles of their construc- 
tion or manner of working ; but the beam of one is set 
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infinitely finer axis than the other, and of eoiirae 
turns by the addition of a much smaller weight. 

You will understand this better, perhaps, if I give 
you some familiar example. You liave all heard it re- 
peated, I dare say, that men of science work by means 
of Induction and Deduction, and that by the help of 
these operations, t]iey, in a sort of sense, \mng from 
Kature certain other things, which are called Natural 
Laws, and Causes, and that out of these, by some cun- 
ning skill of their own, they build up Hypotheses and 
Tlieories. And it is imagined by many, that the opera- 
tions of the common mind can bo by no means com- 
pared with these processes, and that they have to be 
acqmi-ed by a sort of special apprenticeship to the crai't. 
To hear all these largo words, you would think that 
the mind of a man of science must be constituted dif- 
ferently from that of hia fuUow-men ; but if you will 
not be frightened by terms, yon will discover that yon 
are quite wrong, and that all these terrible apparatus 
are being used by yourselves every day and every hour 
of your Hves. 

There is a weU-known incident in one of Moliere's 
ilays, where the author mates the hero express un- 

'Unded delight on being told that he had been talk- 
feg prose during the whole of hia life. In the same 
way, I trust, that you will tako comfort, and be de- 
lighted with yourselves, on the discovery that yon 
,Jiave been acting on the principles of inductive and 

luctive philosophy during tho same period. Prob- 
there is not one here to-night who has not in the 
JO of tlie day had occasion to set in motion a corn- 
train of reasoning, of the very same kind, though 

fering of course in degree, as that which a scientific 
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man goes llirougli in tracing the causee of natural plio*J 
nomoua. 

A very trivial circumetancQ will eervQ to exemplifjn 
Uiia. Suppoae you go into a fruiterer's shop, wantinj^ 
an apple, — you tuKc up one, and, on biting it, you find! 
it is 6our ; yon look at it, and eco tliat it is bard and>l 
green. Yuu take up another one, and that too is liard,;¥ 
green, and sour. Tho shopman oflFera you a third;! 
but, before biting it, you examine it, and find that it ieP 
hard and green, and you immediately say that yon, 
will not liave it, aa it nmst bo sour, like tbose that jo* 
have already tried. 

Kothiug can be more simple than tliat, you tliink j] 
but if you will take the trouble to analyze and tracal 
out into its logical elements what has been done byB 
the mind, you will be greatly surjirisud. In the first! 
place, you have pertbrmed the operation of Induc- 
tion, YoQ found that, in two experiences, hardness 
and greenness in apples go togetlicr with soumeas. It 
was 80 in tlie first case, and it was eonfirmed by the 
second. True, it is a very small basis, but stiU it is 
enough to malco an mduetion from ; you generalize 
the facts, and you expect to find sourness in apples 
where you get liardneas and greenness. You found 
upon that a general law, that all hard and gi-een apples 
are sour ; and that, so far as it goes, is a perfect indue- J 
tion. "Well, having got yonr natural law in this way, I 
when you arc offered another apple which you find ii 
hard and green, you say, " All hard and green applet 
are sour ; this apple is hard and green, therefore thifll 
apple is sour." That train of reasoning is what logt*1 
cians call a syllogism, and has all its various parts and'1 
terms, — ita major premiss, its minor premies, and i 
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I conclnsion. And, by the kelp of further reasoning, 
I which, ii' drawn out, would have to be exhibited in 
I two or three other eyllogisms, yon arrive at yoiir final 
I determination, " I will not have that apple." So that, 
■yoa see, you have, in the first place, eatabliehed a law 
■ by Induction, and ujion that you have founded a De- 
* duction, and reasoned out the Bpecial conelueion of the 
particular case. Well now, suppose, having got your 
law, that at some time afterwards, you are diBcuEsing 
tlie qualities of apples with a friend : you will say to 
him, " It is a very curious thing, — but I find that all 
hard and green apples are sour ! " Your friend eaya 
to you, " But how do you know that ? " You at once 

(reply, "Oh, because I have tried it over and over 
again, and have always found them to be so." Well, 
if wo were talking science instead of common sense, we 
should call that an Experimental Verification. And, if 
Btill opposed, yon go further, and say, " I have heard 
from the people in Somersetshire and Devonshire, 
where a large number of apples are grown, that they 
have observed the same thing. It is also i'ound to be 
the case in Normandy, and in North America. In 
short, I find it to be the universal experience of man- 
kind wherever attention has been directed to the sub- 
ject." Whereupon, your friend, unless he is a very 
unreasonable man, agrees with you, and is convinced 
that joa. are quite right in the conclusion you have 
—drawn. He believes, although perhaps he does not 
DOW he believes it, that the more extensive Verificar 
ire, — tliat the more frequently experiments have 
[heen made, and results of the same kind arrived at, — 
that the more varied the conditions under which the 
lame resulta have been attained, the more certain is 
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the nltiniate conclusion, and he disputes the qnesti' 
no further. He sees tliat the experiment has be 
tried under all sorts of contUtionB, as to time, place, 
and peojile, with the same result ; and he says with 
you, therefore, that the law you have laid down must 
be a good one, and ho must believe it. 

In science we do the 8ame tiling ; — the philosopher 
exercises precisely the eame faculties, though in a much 
more delicate manner. In scientific inquiry it Lecomea 
a matter of duty to expose a supposed law to everj 
possible kinii of verification, and to take oarc, more- 
over, that this is done intention ally, and not left, to tt 
mere accident, as in the case of the apples. And in 
science, ae in common life, our confidence in a law ift 
in exact proportion to the absence of variation in the 
result of our experimental verifications. Por instance, 
if you let go your grasp of an article you way have in 
your baud, it will immediately fall to tfie ground. Tbzt 
is a very common verification of one of the best estab- 
lished laws of nature — that of gravitation. Tho method 
by which men of science cstabliah the existence of that , 
law is exactly the same as that by which we have estab- 
lished the trivial proposition about the soumeBS of hard 
and green apples. But we believe it in such an exten- 
sive, thorough, and imhesitating manner because the '. 
universal experience of mankind verifies it, and we can 
verify it 'ourselves at any time ; and that is the strongest ^ 
possible foundation on which any natural law can rest. 

So much by way of proof that the methotl of estab- 
lishing laws in science is exactly the same as that pur- 
sued in common life. Let us now turn to another 
matter (though really it is but another phase of the 
same question), and that is, the method by which, from 
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i the relations of certain phenomena, we prove that Bome 
I fltaod in the position of causes towards the others. 

I want to put the case clearly before yon, and I will 
I therefore show you what I mean by another faiiiiliar 
example. I will suppose that one of you, on coming 
down in tlio morning to the parlonr of yonr house, finds 
that a tea-pot and some spoons which, had bei?n left in 
I the room on the previous evening are gone, — tlie win- 
dow is open, and yon observo the mark of a dirty hand 
1 the window-frame, and perliaps, in addition to that, 
L you notice the impress of a hoh-nftiled shoe on the 
I gravel outside. All these phenomena have struck youi" 
I attention instantly, aud before two minutes have passed 
I yon say, " Oh, somebody has broken open the window, 
I entered the room, and run off with the spoons and the 
I tea-pot 1 " That speech is ont of yonr mouth in a mo- 
I inent. And yoa will probably add, "I know there 
■Las ; I am quite sure of it ! " You mean to say exactly 
I what you know ; but in reality what you have said has 
jlieen the expression of what is, in all essential particu- 
I lars, a Hypothesis. You do not Jcnow it at all ; it is 
I nothing but a hypothesis rapidly framed in your own 
I mind ! And it ia a hypothesis founded on a long train 
" inductions and deductions. 
What are those inductions and dednctions, and how 
Ijiavo you got at this hypothesis? You have observed, 
■in the first place, that the window is open ; bnt by a 
' train of reasoning involving many Inductions and De- 
ductions, you have probably arrivefl long before at tbfe 
Gengral Law — and a very good one it is — that windows 
do not open of themselves ; and you therefore conclude 
that something has opened the window. A second 
general law that you have arrived at in the same way 
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in, tliat tca-i>ota and epoona do not go out of a window 
Bpontaiieouslj', and you are satisfied tLat, as they are 
not now wbera you left tliem, they liave been removed. 
In the third place, you look at tho marts on tlie win- 
dow-sill, and the shoe-marks outside, and you say that 
in ail previous experience the former kind of mark 
has never been produced by anything else but the 
hand of a human being ; and the same experience ahows 
that no otiier animal but man at present wears shoes 
■with hob-naila on them such as would produce the 
marks in tho gravgl. I do not know, even if we could 
discover any of those " missing links " that are talked 
about, tliat they would help us to any other conelusionl 
At any rate the law which states our present experience 
is strong enougli for my present purpose. You next - 
rcacli the conclusioUj that as these kinds of marks hava - 
not been left by any other animals than men, or are 
liable to be formed in any other way than by a man's 
hand and shoe, the marks in question have been formed 
by a man in that way. Ton have, further, a general 
law, fomided on obaci-vation and experience, and that, 
too, is, I am sorry to say, a very universal and unim- 
penchablo one, — that some men are thieves ; and you 
assume at onco from all these premisses — and that ia 
what constitutes your hypothesis — that tho man who 
made the marks outside and on the window-sill, opened 
the window, got into the room, and stole your tea-pot 
and spoons. You have now arrived at a Vera Causa ,' 
— you have assumed a Cause which it is plain is com- 
petent to produce all the phenomena you have observed. 
Yon can explain all these phenomena only by the hy- 
pothesis of a thief. But that is a hypothetical conclu- 
sion, of the j ustice of which you have no absolute proof 
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I at all ; it IB only rendered liiglily probable by a eeries 
f inductive and deductive reasonings. 

I Btippose your first action, assiuning yon are a man 
* of ordinary common Bense, and that you have estab- 
lished tills hypothesis to your own satisfaction, will 
veiy likely bo to go off for the police, and set them on 
the tract of tl\e burglar, with the view to the recovery 
I of your property. But jiist as you are starting with 
I this object, some person comes in, and on loarningwhat 
[ you are about, says, " My good friend, you are going 
on a great deal too fast. How do yon know that the 
man who really made the marks took the spoons ? It 

might have been a monkey that took them, and the 

^^L man may have merely looked in afterwards." You 
^H -would probably reply, " "Well, that is all very well, 
^^1 but you see it ia contrary to all experience of the way 
^H tea-pots and spoons arc abstracted ; bo that, at any rate, 
^H^our hypothesis is leas probable than mine." While 
^^■you are talking tlie thing over in this way, another 
^H friend arrives, one of that good kind of people that I 
^^Kwas talking of a little while ago. And he might say, 
^H^ " Oh, my dear sir, you are certainly going on a great 
deal too fast. Yon are most presumptuous. You ad- 
mit that all these occurrences took pWe when you 
i fast asleep, at a time when you could not possibly 
kjiave known anj-thing about what waa taking place. 
■'How do you know that the laws of Nature are not sus- 
pended during the night ? It may be that there has 
§l)een some kind of supernatural interference in this 
■" In point of fact, be declares that your hypoth- 
Bbsis ie one of which you cannot at all demonstrate the 
■uth, and that you are by no means sure that the 
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laws of Nature are the a 
when you are awake. 

WgU, now, you (;auuot at the moment answer that 
kind of rcaBOuing. You I'eel that your worthy friend 
has you BOuiewliat at a disadvantage. You will feel 
perfectly convinced in your own mind, however, that 
you are quite right, and you eay to bim, "My good 
friend, I can only be guided by the natural probabili- 
tiofl of the ease, and if you will he kind enough to stand 
aside and permit me to pass, I will go and fetch the 
police." Well, we will euppose tliat your jonmey ia 
Buccessful, and that by good luck you meet with a ! 
policeman ; that eventually the burglar is found with, 
your property on his person, and the marks correspond 
to his hand aud to his boots. Probably any jury would 
consider those facts a very good experimental verifica- 
tion of your liypothesis, touching the cause of the ab- 
normal phenomena observed in your parlour, and would 
act accordingly. 

Now, in this supposititious case I have taken phe- 
nomena of a very common kiud, in order that you 
might see what are the different steps in an oi-dinary 
process of reasoning, if you will only take the trouble 
to analyze it carefully. All the operalions I have d&- 
Bcribed, you will see, are involved in the mind of any 
man of sense in leading him to a conclusion as to, the i 
course he should take in order to make good a robbery | 
and punish the offender. I say that you are led, in 
that case, to your conclusion by exactly the same train 
of reasoning as that i^hieh a man of science pursaea 
when lie is endeavouj'iug to discover the origin and 
laws of the most occult phenomena. The process is, 
and always must be, the same ; and precisely the same 



I 

I 



METHOD OF DISCOTEKY. 65 

mode of reasoning waa employed by Newton and 
Laplace in their endeavoura to discover and define tlie 
causes of the movements of the heavenly hodics, as yoii, 
with your own common sense, would employ to detect 
a burglar. The only difference is, that the nature tif 
the inquiry being more absti'use, every step Las to be 
most carefully watched, bo that there may not he a 
Bingle crack or flaw iu your hypothesis. A flaw or 
;k iu many of the liypotheses of daily life may be 
of little or no moment as affecting the general correct- 
ness of the conclusions at which we may arrive ; but 
a scientific inquiry a fallacy, great or small, is always 
of importance, and is sure to bo constantly productive 
of mischievous, if not fatal, results in the long run. 

Do not allow yourselves to be misled hy the com- 
mon notion that a hypothesis is untrustworthy simply 
"because it is a hypothesis. It ia often lu'gcd, in respect 
to somo Bcientiiic conclusion, that, after all, it is only 
hypothesis. Cut wliat more have we to guide ns in 
nine-tenths of the most important affairs of daily life 
than hypotheses, and often very ill-based ones! So 
that in science, where the evidence of a hypothesis is 
subjected to the most rigid examination, wo may rightly 
pureue the same course. You may have hypotheses 
and hypotheses. A man may say, if he likes, that the 
moon is made of green cheese : that is a hypotliesis. 
But another man, who has devoted a great deal of time 
and attention to the subject, and availed himself of the 
most powerful telescopes and the results of the observa- 
tions of others, declares that iu his opinion it is prob- 
ably composed of materials very similar to those of 
which our own earth is made up : and that is also only a 
hypothesis. But I need not tell you that there is an 
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enormous dUTcronce in tlie value of the two liypotbeses. 
That one which is based on sonnd scientific knowledge 
is Bure to have a corresponding value ; and that which 
is a mere hasty random guesa is likely to have but little 
value. Every great step in our progress in discovering 
causes has been made in exactly the same way as that 
which I have detailed to you. A person observing the 
occurrence of certain facts and phenomena asks, natu- 
rally enough, what process, what kind of operation 
known to occur in nature applied to the particular 
case, wilt unravel and explain tlie mystery ? Hence 
you have the scientiiic hypothesis ; and its value will 
be proportionate to the caro and eompletenesa with 
which its basis had been tested and verified. It is in 
these matters as in the commonest affairs of practical 
life : the guess of the fool will be foily^ while the guess 
of tlie, wise man will contain wisdom. In all cases, 
you 500 that tlio value of the result depends on tbq 
patience and faithfulness with which the investigator ' 
applies to his hypothesis every possible kind of verifr 
cation. 

I dare say I may have to return to this point by- 
and-by ; but having dealt thus far with our logical 
methods, I must nowtum to something which, perhaps, 
you may consider more interesting, or, at any rate, 
more tangible. But in reality there are but few things 
that can be more important for you to understand than 
the mental processes and the means by which we obtain. 
scientific conclusions and theories.* Having grant* ~ 
that the inquiry is a proper one, and having determine 

• Tbose who wish to elady fullj the iloctrinea of which I hsTB tur 1 
doaTonred to give Boroe rough imd leadj illustratioos, must read Hr. Jcte'l 
fituart Mili'a " Sjstam of logic." 
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m the natore of the methods we are to pursue and 
liich only can lead to success, I must now turn to the 
consideration of our kuowledge of the nature of the 
processes which have I'csulted in tlie present condition 
of organic nature. 

Here, let ine saj at once, lest sonie of you misun- 
derstand mc, that I have extremely littlo to report. 
The question of how the present condition of organic 
nature came ahout, resolves itself into two questions. 
The first is ; . IIow has organic or living matter com- 
menced its existence S And the second is : How has it 
perpetuated ? On the second question I shall 
have more to say hereafter. Eut on the first one, what 
now have to say will be for the most part of a nega- 
iivo character. 

If you consider what kind of eviderfCe we can have 
upon this matter, it will resolve itself into two kinds. 
We may have liistorieal evidence and we may have ex- 
perimental evidence. It is, for example, conceivable, 
that inasmuch as the hardened mnd which forms a 
considerable portion of the thickness of ttie earth's 
crust contains faithful records of the past forms of hfe, 
and inaemucli as these differ more and more as we go 
further down, — it is possible and conceivable tliat we 
might come to some particular bed or stratum which 
lould contain the remains of those creatures with 
fhich organic Ufe began upon the earth. And if wo 
,id so, and if such forms of organic life were pre- 
servable, we should have what I would call historical 
evidence of the mode in which organic life began upon 
' 's plauet. Many persons will tell you, and indeed 
I will find it stated in many works on geology, that 
i has been done, and that we really possess such a 
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record ; there are some who imagine that tLe earlies 
forms of life of which we have aa yet discovered 
records, are in truth the forms in which animal lii'e be- 
gan upon the globe. The grounds on which they hoBO 
tJiat supposition are these : — That if yon go through 
the enormous thickness of the earth's crust and get 
down to the older rocks, the higher vertebrate animals 
— the quadrupeds, birds, and fishes — cease to he found; 
beneath them you find only the invertebrate animals! 
and in the deepest and lowest rocks those remains be? 
come scantier and scantier, not in any very gradual 
progression, however, until, at length, in what are sup- 
posed to be the oldest rocks, the animal remains wliiuh 
are found are almost always confined to four forms,— ^ 
Oldhamia, whose precise nature is not known, whethi 
plant or animal ; Lirnjula, a kind of mollusc ; TrilO'. 
Idles, a crustacean animal, having the same essential 
plan of construction, though differing in many details 
from a lobster or crab ; and Hi/menocaria, which is, 
also a crustacean. So that yon have all the Fauna 
duced, at this period, to four forms : one a kind of ai 
mal or plant that we know nothing about, and thri 
undoubted animals — two crustaceans and one molli 

I think, considering the organization of these 
lusea and Crustacea, and looking at their very complfflP 
nature, that it does indeed require a very strong ima- 
gination to conceive that these were the first created of 
all living things. And you must take into considera- 
tion the fact that we have not the slightost proof that 
these which we call the oldest beds are really so : I re- 
peat, we have not the slightest proof of it. When you 
find in some places that in an enormous thickness 
rocks there are but very scanty traces of life, or abi 
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lutely none at all ; and that in other parts of the world 
rocks of the very same formation are crowded with 
the records of living fonns ; I think it ia impossible to 
place any reliance on tlie sapposition, or to feel oneself 
justified in supposing that these are tiie forms in which 
Ki'e first commenced. I have not time here to enter 
upon the technical grounds npon whicU I am led to 
this conclusion, — that conld hardly be done properly 
in half a dozen lectures on that part alone ; — I must 
content myself with saying that I do not at all believe 
that these are the oldest forms of life. 

I tnm to the experimental side to see what evidence 
we have there. To enable us to say that we know any- 
tliing about the experimental origination of organiza- 
tion and life, the investigator ought to be able to take 
inorganic matters, such as carbonic acid, ammonia, wa- 
ter, and salines, in any sort of inorganic combination, 
and be able to build them up into Protein matter, and 
tliat that Protein matter onght to bcgia to live in an 
organic form. That, nobody has done as yet, and I 
Buspoct it will be a long while before anybody does 
do it. But the thing is by no means so impossible aa 
it looks ; for the researches of modern chemistry have 
shown us — I won't say the road towards it, but, if I 
may so say, they h&vo shown the finger-post pointing 
to the' road that may lead to it. 

It is not many years ago — and yon must recollect 
;that Organic Chemistry is a young science, not above 
',-a, couple of generations old, — ^you must not expect too 
imuch of it ; it is not many years ago since it was said 

be perfectly impossible to fabricate any organic 

ipouud ; that is to say, any non-mineral compound 
'liich is to be found in an organized being. It re- 
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maineil bo for a very long period ; bnt it is now a com 
Bidorable number of years since a distinguished foreig] 
chemiBt contrived to fabricate Urea, a substance of li 
very complex cliaracter, which forms one of the wast 
products of animal structures. And of late years i 
iminber of other compounds, such as Butyric Acic^ 
and others, have been added to the list. . I need no! 
tell you that chemistry is an enormous distance iron( 
the goal I indicate ; all I wish to point out to you i 
that it is by no means safe to say that that goal may^ 
not be reached one day. It may be that it ia impos- 
eible for us to jiroducc the conditions requisite to the 
origination of life ; but we must speak modestly about 
the matter, and recollect that Science has put her foe 
upon the bottom round of the ladder. Truly he won] 
be a bold man who would venture to predict where s. 
will be fifty yeara lionce. 

Tlierc is another inquiry which hears indirect!]^ 
upon this question, and upon which I must say afeir^ 
words. You are all of you aware of the phenomena 
of what is called spontaneous generation. Our fore- 
fathers, down to the seventeenth century, or there- . 
abouts, all imagined, in perfectly good faith, that cei 
tain vegetable and animal forms gave birth, 
process of their decomposition, to insect life. Thus, ifl 
you put a piece of meat in the sun, and allowed it tOB 
putrefy, they conceived that the grubs which soon bes 
gan to appear were the result of the action of a powei 
of spontaneous generation which the meat contained^ 
And they could give you receipts for making variom 
animal and vegetable preparations which would pro* 
duce particular kinds of animals. A very distinguishH 
ed Italian naturalist, named Ecdi, took up the quea 
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HOE, at s time when everybody believed in it ; among 
others our own great Harvey, the discoverer of the 
circulation of the hlood. Ton will constantiy find hia 
name quoted, however, as an opponent of the doctrine 
spontaneons generation ; but the fact is, and you 
ill see it if you will take the trouble to look into hie 
iWorks, Harvey believed it as profoundly as any man 
of hia time ; but ho happened to enunciate a very cu- 
rious proposition — that every living thing canie from 
an egg ■ he did not mean to use the word in the sense 
in which we now employ it, he only meant to say that 
every living thing originated in a little roimded par- 
ticle of organized Bubstance ; and it is from this cir- 
cumstance, probahJy, that the notion of Harvey having 
opposed the doctrine originated. Then came Kedi, 
and he proceeded to upset the doctrine in a very simple 
manner. He merely covered the piece of meat with 
some very fine gauze, and then he exposed it to tlic 
ic conditions. The result of this was that no gruba 
insects were produced ; he proved tliat the gi-nba 
iginated from tlie insects who came and deposited 
leir eggs in the meat, and that they were hatched 
Yj the heat of the sun. By this kind of inquiry he 
loroughly npset the doctrine of spontaneous genera- 
ion, for hia time at least. 

Then came the discovery and application of the 
icroseope to scientific inquiries, which showed to 
lataralists that besides the organisms which they 
already knew as living beings and plants, there were 
an immense number of minute things which could bo 
obtained apparently almost at will from decaying vege- 
table and animal forms. Thus, if you took some or- 
dinary black pepper or some hay, and steeped it in 
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water, you would find in the coarse of a few days thi 
the water had become impregnated with an immei 
number of animalcules Bwimming about in all 
tions, From facts of this kind naturaliste were led 
revive the theory of epontaneous generation. They 
were headed here by an English naturalist, — Needham, 
— and afterwards in France by the learned Buffon. 
They said that these things were absolutely begotten 
in the water of th3 decaying Bubstances out of which 
the infusion was made. It did not matter whether you 
took animal or vegetable matter, you had only to ati 
it in water and expose it, and you would soon hai 
plenty of animalcules. Tliey made a hypothesis aboi 
this which was a very fair one. They said, this matter 
of the animal world, or of tlie higher plants, appears to 
be dead, but in reality it has a sort of dim life about it, 
which, if it is placed tindor fair eonditionB, will eauee it 
to break up into the forms of these little animalcules, 
and they will go througli their lives in the same way &a 
the animal or plant of which they once formed a part. 

The question now became very hotly debated. 
Spallanzani, an Italian naturalist, took up opposite 
views to those of Needham and Buffon, and by means 
of certain experiments ho showed that it was quite pos- 
sible to Bt<3p the process by boiling the water, and elos- 
ing the vessel in which it was contained, " Oh I " said 
his opponents; "but what do you know you maybe 
doing when you heat the air over the water in this way I 
You may be destroying some property. of the air requi- 
site for the spontaneous generation of the animalcnlea." 

However, Spallanzani's views wore supposed to bo 
npon the right aide, and those of tlie others fell into 
discredit ; although the fact was that Spallanzani bad 
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not made good his views. "Well, then, the eubject con- 
tinned to be revived from time to time, and experiments 
were made by several persons ; but these experinicats 
were not altogether satisfactory. It was found that if 
voM pnt an infusion in which animalcules would apj)ear 
if it were exposed to the air into a vessel and boiled 
it, and then sealed up the mouth of the vessel, so that 
no air, save such as had been heated to 212°, could 
roaeh its contents, that then no animalcules would be 
found ; but if you took the same vessel and exposed 
the infusion to the air, then you would get animalcules. 
Furthermore, it was found that if you connected the 
mouth of the vessel with a red-hot tube in such a way 
that the air would have to pass through the tube be- 
fore reaching the infusion, that then you would get 
no animalcules. Yet another thing was noticed : if 
you toolt two flaske containing tlio same kind of infu- 
sion, and left one entirely exposed to the air, and in 
the mouth of the other placed a ball of cotton wool, 
BO that the ah- would have to filter itself through it 
before reaching the infusion, that then, although you 
might have plenty of animalcules in the first flask, you 
would certainly obtain none from tho second, 

These experiments, you see, all tended towards one 
conclusion — that the infusoria were developed from little 
minute sporea or eggs which were constantly floating 
in the atmosphere, which lose their power of germi- 
nation if subjected to heat. Eut one observer now made 
another experiment, which seemed to go entirely the 
other way, and puzzled him altogether. He took some 
of this boiled infusion that I have been speaking of, 
and by the use of a mercurial bath — a kind of trough 
need in laboratories — ^he deftly inverted a vessel con- 
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taiiiiag the mfusion into tlie mercury, so that the latter 
reached a little bcjoud the level of the moiith of the 
in/verted vessel. You see that he thus had a quantity 
of the infusion shut olf from any possible coiumi 
tion with the outer air by being inverted upon a bed 
mercury. 

Ho tlicn prepared some pure oxygen and nltrof 
gases, and passed them by means of a tube going from 
the outside of the vessel, up througli the mercury into 
the infusion ; so that he thus had it exposed to a per- 
fectly pure atmosphere of the same constituents as the 
exttrual air. Of course, ho expected he would get no 
infusorial animalcules at all in that infusion ; but, to 
his great dismay and discomfiture, he' foimd he alnj< 
always did got them. 

Furthermore it baa been found that experii 
made in tlie manner described above answer well with 
most infusions ; but tliat if you fill the vessel with 
boiled milk, and then stop the neek with cotton-wool, 
you will liave infusoria. So that you see there were 
two experiments that brought you to one kind of con- 
clusion, and tjjreo to another ; which was a raost 
satisfactory state of things to arrive at in a Bcieul 
inquiry. 

Some few years after this, the question began to 
very hotly discuBsed hi France. There was M. Ponchet, 
a professor at Kouen, a very learned man, but certainly 
not a very rigid experimentalist. lie published 
her of experiments of his own, some of which were v( 
ingenious, to show that if you went to work in a pro] 
way, there was a truth in the doctrine of spontaneoi 
generation. Well, it was one of the moat fortunate 
things in the world that M. Pouchet took up this qiiee- 



)iit, t o [ 

with ^ 
with 
wool, 
were 
■ con- 
t ui^^^ 

tob^l 
ichet, 

:ainly 

ro^H 
neonVH 



OEIGDfATlON OF I 



75 



man, because it induced a distinguished French chemist, 
M. Pasteur, to take up the question on the other side i 
and he haa certainly worked it out in the most perfect 
manner. I am glad to say, too, that he has published 
his rescarchea iu time to enable me to give you an ac- 
count of them. He verified ail the experiments which 
I have just mentioned to you — and then finding thoee 
extraordinai'y anomalies, as in the case of the mercury 
bath and the milk, he set himself to work to discover 
their nature. In the case of milk he found it to be a 
question of temperature. Milk in a fresh atate is 
slightly alkaline ; and it is a very curious circumstance, 
but this very slight degree of alkalinity seems to have 
the effect of preserving the organisma wMch fall into 
Jit from the air from being destroyed at a temperature 
if 212°, which is the boihng point. But if yon raise 
V tLe teiiiperatnre 10° wiien yon boil it, the milk behaves 
l.'like everything else ; and if the air with which it cornea 
rin contact, after being boiled at this temperature, is 
I through a red-hot tube, you will not get a trace 



lie then turned his attention to the mercury bath, 

I and found on examination tliat the surface of tlie mer- 

I eury was almost always covered with a very fine dust. 

He found that even the mercury itself was positi\'cly 

full of organic matters; that from being constantly 

exposed to the air, it had collected an immense num- 

, her of theee infusorial organisms from the air. Wei', 

■gilder these circumstances he felt that the case was 

■quite clear, and that the mercury was not what it had 

^ ■ appeared to M, Schwann to be — a bar to the admission 

of these organisms ; but that, in reality, it acted as a 

reservoir from which the infusion was immediately 
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Biipplied witli tlie large qnantlty that liad bo ptizzleU 
hira. ■ 

. But not content with explaining the experimraii 
of others, M. Pasteur went to work to satisfy himsel 
completely. He said to hiinself : " If my view is right, 
and if, in point of fact, all these appearances of spon- 
taneous generation are altogether due to the falling of 
minute germa suspended in tiie atmosphere, — why, I 
ought nof only to be able to show the germs, but I 
ought to be able to catch and sow them, and prodaee 
the resulting organisms." lie, accordingly, construct 
a very ingenious appamtus to enable Lim to accompli 
this trapping of this " gei-m dust " in the air. Ho fixi 
in the window of Lis room a glass tube, in th« centre 
of which he had placed a ball of gnn-ootton, wliicb, 
as you all know, is ordinary cotton-wool, which, from 
having been steeped in strong acid, is converted into 
a substance of gi*eat explosive power. It is also solu- 
ble in alcohol and ether. One end of the glass tube 
was, of course, open to the external air ; and at the 
other end of it he placed an aspirator, a contrivance 
for causing a current of the external air to pass through 
tho tube. He kept his apparatus going for four-and- 
twcnty hours, and then removed the dusted gnn-cot> 
ton, and dissolved it in alcohol and ether. He then al- 
lowed this to stand for a few honrs, and the result was, 
that a very fine dust was gradually deposited at the 
bottom of it. That dust, on being transferred to 
stage of a microscope, was fonnd to contain an ent 
moufl number of starch grains. Toa know that 
materials of our food and tho greater portion of plai 
are composed of starch, and we are constantly mal 
use of it in a variety of ways, so that there is alwi 
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quantity of it suspended in tlie air. It is these starch 
grains which form many of those bright specks that 
"we see dancing in a ray of light Bometimes. But bc- 
eides these, M. Pasteur found also an immense number 
of other organic substances such as spores of fungi, 
which had been floating about in the air and had got 
caged in this way. 

He went farther, and said to himself, "If these 
really are the things that give riae to the appearance 
of spontaneous generation, I onght to be able to take 
a ball of this 'dusted gun-cotton and put it into one of 
my vessels, containing that boiled iufusion wliicJi has 
been kept away from the air, and in which no in- 
fusoria are at present developed, and then, if I am right, 
the introduction of this gun-cotton will give rise to 
organisms." 

Accordingly, lie took one of tlieao vessels of infii- 
eion, which had been kept eigliteen months, without 
tiie least appearance of life, and by a most ingenious 
contrivance, he managed to break it open and intro- 
duce snch a baU of gun-cotton, without allowing the 
infusion or the cotton ball to come into contact with 
any air but that which had been subjected to a red 
heat, and in twenty-fonr hours he had the satisfaction 
of finding all the indications of what had been hitherto 
called spontaneous generation. He had succeeded in 
catching the germs and developing organisms in the 
way he had anticipated. 

It now struck him that the truth of his conclusions 
might be demonstrated without all the apparatus he 
Lad employed. To do tliis, he took some decaying 
al or vegetable substance, such as urine, which is 

extremely decomposable substance, or the julee of 
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yeast, or iicrliaps BoiWe other artificial preparation, and 
filled a vessel having a long tubular neck, with it. He 
then boiled the liquid and bent that long neck into an 
S eliape or zig-zag, leaving it open at the end. The 
infumon Uien gave no ti-ace of any appearance of epon- 
taneons generation, however long it might be left, as 
all the germs in the air were deposited in the beginning 
of the bent neck. lie then cnt the tube close to the 
vessel, and aCowed the ordinary air to have free and 
direct access ; and the result of thai was the appearance 
of organisms in it, as soon as the infuBion had been 
allowed to stand long enough to allow of the growth 
of those it received from the air, which was 'about forty- 
eight hours. The result of M. Pasteur's experiments J 
proved, therefore, in themost conclusive manner, that all 1 
the appearances of spontaneous generation arose from 
nothing jnore than the deposition of the germs of or- 
ganisms which were constantly floating in the air. 

To this conclusion, however, the objection was 
made, that if that were the cause, then the air woidd 
contain such an enormous number of these germs, that 
it would be a continual fog. But M. Pasteur replied 
that they are not there iu anything like the number we 
might suppose, and that an exaggerated view has been 
held on that subject; ho showed that the chances of 
animal or vegetable life appearing in infusions, depend i 
entirely on the conditions under which they are es- | 
posed. If they are exposed to the ordinary atmosphere 
around us, why, of course, you may have oi-ganisms 
appearing early. But, on tlie other hand, if they are 
exposed to air from a great height, or from some very 
quiet cellar, you will often not find a single trace of 
life. 
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So that M. Pasteur arrived at last at tlio clear aiid 
definite result, that all these appearances are like the 
case of the worms in the piece of meat, which was re- 
futed by Kedi, simply germs carried by the air and 
deposited in the liquids in which they afterwards ap- 
pear. For my own part, I conceive that, with the 
particulars of M. Pasteur's experiments before us, we 
cannot fail to arrive at his conclusions ; and that the 
doctrine of spontaneous generation has received a final 
coup de grdce. 

You, of course, understand that all this in no way 
interferes with the possibility of the fabrication of or- 
ganic matters by the direct method to which I have 
referred, remote as that possibility may be. 
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THE PEKPETDATION OF LIVING BEINGS, HEREDITAfiY ^ 
TRANSMISSION AND YAEIATION. 



The inquiry which vre undertook, at our last mee 
ing, into the state of our knowledge of the causes o 
the phenomena of organic nature, — of the past and of 
the present, — resolved itself into two subsidiary in- 
quiries : the first wasj whether we know anything, 
either historically or experimentally, of the mode of 
origin of Jiving beings ; the second Eubsidiary inquiry 
was, whether, granting the origin, we know anything 
about the perpetuation and modttieations of the forma 
of organic beings. The reply which I had to give to 
the first question was altogether negative, and thechief J 
result of my last lecture was, that, neither historically I 
nor experimentally, do wo at present know anything,^ 
whatsoever about the origin of living forms. "We saw 
that, historically, we aro not likely to know anything 
about it, although we may perhaps learn something ex- 
perimentally ; but that at present we are an encHmoos 
distance from the goal I indicated. 

I now, then, take up the next question, "What do- j 
we know of the reproduction, the perpetuation, and the j 
modifications of the forms of living beings, supposing J 
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tliat we have put the queetion aa to their origination on 
one side, and have assumed that at present the causes 
of their origination are beyond us, and that we know 
nothing about tlieni ! V])on this question tlie state of 
our knowledge is extremely different j it is exceedingly 
large, and, if not complete, our experience is certainly 
most extensive. It would be impossible to lay it all 
before jou, and the most I can do, or need do to-night, 
is to take up the principal points and put them before 
you with such prominence as may subserve the pur- 
poses of onr present argument. 

The method of tlie pei-petuation of organic beings 
is of two kinds, — the asexual and the sexual. In the 
first the perpetuation takes place from and by a par- 
ticular act of an individual organism, whi(.-h sometimes 
may not be classed as belonging to any sex at all. In 
tlie eeeoDd ease, it ia in eonfiequenee of the mutual ac- 
tion and interaction of certain portions of the organisms 
of usually two distinct individuals, — the male and tlm 
female. The cases of asexual peipetuation are by no 
means so common as the cases of sexual perpetuation ; 
and they are by no means so common in the animal aa 
in the vegetable world. You are all pi'obably famihar 
with the fact, as a matter of experience, that you can 
propagate plants by means of what are called " cut- 
tings;" for example, that by taking a cutting from a 
geranium plant, and rearing it properly, Ijy supply- 
ing it with light and warmth and nourishment from 
the earth, it grows up and takes the form of its parent, 
having all the properties and peculiarities of the ori- 
ginal plant. 

Sometimes this process, which the gardener per- 
forms artificially, takes place naturally ; that is to say. 
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gaiUBma, and e%'eiitual]7 to develop into the form of 
one of its parente, as I explained in the first lecture. 
These are the processes by which the perpetuation of 
organic beings ie secured. Why there eliould be the 
two modes — why this le-invigoration should he re- 
quired oa the part of the female element we do not 
know ; but it is most assuredly the fact, and it is pre* 
Bumabler that, however long the process of asexual 
multiplication could be continued, — I say there is good 
rca£Oii to believe that it would come to an end if a nev 
commencement were not obtained by a conjunction of 
the two ecxual elements. 

That character whicli is common to these two dii 
tinct processes is this, that, whether we coneider the 
reproduction, or perpetuation, or modification of or- 
ganic beings as they take place ascxually, oi* as th^ 
may take place sexually, — in either case. I eaj, the off- 
Bpring has a constant tendency to assume, speaking 
generally, the cliaracter of the parent. As I said just 
now, if yon take a slip of a plant, and tend it with care, 
it will eventually grow np and develop into a plant 
like that from which it had Bpmng ; and ihiB tendency 
is BO btroDg that, as gardeners know, this mode of mul- 
tiplying by means of cuttings is the only secure mode 
of propagating very many varieties of plants ; the pecu- 
liarity of the primitive stock seems to he hotter pre- 
eerved if you propagate it by means of a slip than if. 
yoa resort to the sexual mode. 

Again, in experiments npon the lower animals, such 
as the polype, to which I have referred, it is most ex- 
traordinary that, although cut np into various pieeee, 
each particular piece will grow up into t!ie fonn of tha 
primitive stock ; the head, if separated, will reproduce 
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the body and tbe tail ; and if yon cnt off the tail, you 
will find that that will reproduce the body and all the 
rest of the members, without in any way deviating 
from tbii plan of the organism from which tliese por- 
tions have been detached. And so far does this go, 
that Eome experimentalists have carefully examined 
tlio lower orders of animals, — among them the Abbe 
Spallanzani, who made a number of experiments upon 
Bnails and salanianders, — and have found that they 
might mutilate them to au incredible extent ; that you 
might cut off the jaw or the greater part of the hea<l, 
or the leg or the tail, and repeat the experiment sev- 
eral times, perhaps, cutting off the same member again 
aud again ; and yet each of those types would be 
reproduced according to the primitive type : nature 
making no mietako, never putting on a fresh kind of 
leg, or head, op tail, but always tending to repeat and 
to return to the primitive type. 

It is the same in sexual reproduction : it is a mat- 
ter of perfectly common experience, that the tendency 
on the part of the offspring always ia, speaking broadly, 
to reproduce the form of the parents. The proverb 
has it that the thistle does not bring forth grapes ; so, 
among oorselvea, there is always a likeness, more or 
less marked aud distinct, between children and their 
parents. That is a matter of familiar and ordinary ob- 
servation. We notice tbe same thing occurring in the 
cases of the domestic animals — dogs, for instance, and 
their offspring. In all these cases of propagation and 
perpetuation, there seems to bff a tendency in the off- 
spring to take the characters of the parental organisms. 
To that tendency a special name is given — and as I 
may very often use it, I will write it up here on this 
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black-board that yon may remember it — it'ia callei} I 
Atavism; it expresses this tendency to revert to thO'^l 
ancestral type, and comes from the Latin woi-d ataimSfS 
ancestor. 

Well, this Atavism wliicb I eliall speak of, is, as I 
Baid before, one of the moet marked and striking tfin- 
dciicies of organic beings ; but, side by side with this 
hereditary tendency, there is an equally dietinet an^j 
remarkable tendency to variation. The tendency 1 
reproduce the original stock has, as it were, its limita 
and side by side with it there is a tendency to vary i»i1 
certain dii'ections, as if there were two opposing pour- j 
ers working upon the organic being, one tending taJ 
take it in a straight line, and the other tending to maka I 
it diverge from that straight line, first to one side and J 
then to the other. 

So tliat you see these two tendenoies need not pre- 
(■isely contradict one another, as the ultimate result 
may not always be very remote from what would have 
been the case if the line had been qiute straight. 

This tendency to variation is less marked in that ] 
mode of propagation ■which takes place asexually ; it lA J 
in that mode that the minor characters of animal taii I 
vegetable structures are most completely preserved.-! 
Still, it will happen sometimes, that the garden^, J 
wlicn he has planted a cutting of some favourite plsntj J 
will find, contrary to his expectation, that the alip I 
grows up a little different from the primitive stock — ■■ j 
that it produces flowers of a different colour or make, ' 
or some deviation in one way or anotlier. This is what | 
is called the " sporting " of plants. 

In animals the phenomena of asexual propagation j 
are so obscure, that at present we cannot be said to J 
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know much abont them ; hnt if we turn to that mode 
of perpetuation which resulta from the sexual process, 
then we find variation a perfectly constant occurrence, 
to a certain extent ; and, indeed, I think that a certain 
amonnt of variation from the primitive stock is the 
necessary result of the method of sexual propagation 
itself ; for, inafimneh as the thing propagated proceeds 
from two organisms of different sexes and different 
makes and temperaments, and as the offspring is to be 
either of one sex or the other, it is quite clear that it 
cannot be an exact diagonal of the two, or it would he 
of no sex at all ; it cannot he an exact intennediate 
form between that of each of its parents — it must de- 
viate to one side or the oUier. Yoa do not find that 
the male follows the precise type of the male parent, 
nor docs the female always inherit the precise charac- 
ttiristicB of the mother, — there is always a praportiou 
of the female character in the male offspring, and of 
Uie male character in the female offspring. That must 
i be quite plain to all of you who have looked at ah. at- 
I tentively on your own children or those of your neigh- 
bours ; you will have noticed how very often it may 
happen tliat tlie eon shall exliibit tlie maternal type of 
cliaracter, or the daughter possess the characteristics 
^ef the father's family. There are all sorts of intermix- 
i and intermediate conditions between the two, 
■e complexion, or beauty, or fifty other different 
_ jfluliarities belonging to either side of the house, are 
F-'Jeproduced in other members of the same family. In- 
[ deed, it is sometimes to be reraai'ked in this kind of 
nation, that the variety belongs, strictly speaking, 
t neither of the immediate parents ; you will see a 
lild in a family who is not like either its father or its 
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TDOtlidF^ but some old person who knew its graa$| 
father or grandmotlier, or, it may be, an uncle, or, py" 
haps, even a loore distarit relative, will see 
similarity between the child and one of these. In t 
way it constantly happens that the characteristic of 
Borne previous member of the family comes out and 
is reproduced and recognized in the most unexpected 
manner.^ J^ 

But o^rt itrom that matter of general experiena 
there aro'spme cases which put that curious inisturefl 
a very clear light. You are aware that the offspring g 
tlie Ass and the Horse, or rather of the he-Ass and t 
Hare, is what is called a Mule ; and, on tiic other haot 
the offspring of the Stallion and the shc-Ass is wliatl 
called a Hinny. It is a very rare thing in this counte 
to see a Hinny. I never saw one myself; but th^ 
have been very carefully studied. Now, the carioua 
thing is this, that although you have the same elements 
in the experiment in each case, the offspring is entirely- 
different in character, according as the male influence 
comes from the Ass or the Horse. Where the Ass is 
the male, as in the case of the Mule, you find that the 
head is like that of the Ass, that the ears are long, the 
tail is tufted at the end, the feet are small, and the 
voice is an unmistakable bray; these are all points 
of similarity to the Ass ; but, on the other hand, the 
barrel of the body and the cut of the neck are much 
more like those of the Mare. Then, if you look at the 
Hinny, — the result of the union of the Stallion and 
the she-Ass, then you iind it is the Horse that haa tho 
predominance ; that the head is more like that of t 
Horse, the ears are shorter, the legs coarser, 
type is altogether altered ; while the voice, inste 



BEBEDTTABT TBANSHISSIOH AND TABUTIOK. 



89 



not] 



jray, is the ordinary neigli of tLo Eoree. 
3e, is a most curioua tbing ; you take ex- 
actly the same elements, Ass and Horse, hut you com- 
bine the Bexea in a difierent manner, and the resuJt is 
modified accordingly. You have in this case, however, 
a result which is not general and universal — there is 
■usually an important preponderance, liut not always 

the same side. 

Here, then, is one intelligible, and, perhaps, neces- 
cause of variation : the fact, that there are two 
sexes sharing in the production of the offspring, and 
that the sliare taten hy each is different and variable, 
not only for each combination, but also for different 
members of the same family. 

Secondly, there is a variation, to a certain extent, — ■ 
though in all probability the influence of .this cause has 
been very much exaggerated — hut there is no doubt 
that variation is produced, to a certain extent, by what 
are commonly known as external conditions, — such as 
temperature, food, warmth, and moisture. In the long ■ 
run, every variatiott depends, in some sense, upon ex- 
ternal conditions, seeing that everything has a canse 
of its own. I use the term " external conditions " now * 
in the sense in which it is ordinarily employed : cer- 
tain it is, that external conditions have a definite effect. 
Tou may take a plant which has single flowers, and 
by dealing with the 'soil, and nourishmont, and so on, 
you may by-and-by convert single flowers into double 
flowers, and make thorns shoot out into branches. 
Yon may thicken or make various modifications in the 
shape of the fruit. In animals, too, yon may produce 
analogous changes in this way, as in the case of that 
deep bronze colour which persons rarely lose after 
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liaving passed any length of time in tropical counti'ies. 
You may also alter the development of the muscles 
very much, by dint of training ; all the world knowfr 
tliat exercise has a great effect in this way ; we alwaya 
expect to find the arm of a blacksmith Iiard and wiry, 
and possessing a largo development of the brachial 
mUEcles. No doubt, training, which is one of the forms 
of external conditions, converts what ai-e originally 
only instnictions, teaeliingB, into Lahits, or, in other 
words, into organizations, to a great extent; bat this 
second cause of variation cannot be considered to 
by any means a largo one. Tlie third eaueo that 
have to mention, however, is a very extensive one, 
is one that, for want of a better name, has been calli 
" spontaneous variation ; " which means that when 
do not know anything about the cause of phenomenal 
we call it spontaneous. In the orderly chain of 
and effects in this world, there are very few things of 
which it can be said with truth that they are spou- 
taiiooua. Certainly not in these physical matters, — in 
these there is nothing of the kind, — everything depends 
on pi-evious conditions. But when we cannqj ti*ace the 
■ cause of phenomena, we call them spontaneous. 

Of these variations, multitudinous as they arej but 
little is known with perfect aeciu'acy. I will mention 
to you some two or three cases, because they are very 
remarkable in themselves, and also because I shall 
want to use them afterwards. Reaumur, a famous 
French naturalist, a great many years ago, in the essay 
which ho wrote upon the art of hatching chickens, — j 
which was indeed a very curious essay, — had occasion 
fo speak of variations and monstrosities. One ygstj re- 
markable case had come undei' his notice of a variation 
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in tho form of a human member, in the person of a 
Maltese, of the name of Gratio Eelleia, who was born 
with six fingers upon each hand, and the hko number 
of toes to each of his feet. That was a case of spon- 
taneons variation. Nobody knows wliy he was born 
with that number of fingers and toes, and as we don't 
know," we call it a case of "spontaneous" variation. 
There ia anotlier remarkable case also. I select those, 
becanse tbey happen to have been observed and noted 
very carefully at the time. It frequently happens that 
a variation occurs, but the persons who notice it do not 
take any care in noting down the particulars, until at 
length, when inquiries come to be made, the exact cir- 
cumstances are forgotten j and hence, multitudinous as 
may be such "spontaneous" variations, it is exceed- 
ingly difficult to get at the origin of them. 

The second case is one of which you may find the 
ii*rhole details in the ''Philosophical Transactions" for 
year 1813, in a paper communicated by Colonel 
Ilumphrey to the President of the Royal Society, — 
'* Ou a new Variety in the Breed of Sheep," giving an 
account of a very remarkable breed of sheep, wliicli 

^t one time was well known in the northern states of 

.merica, and which went by the name of tlie Ancon 
the Otter breed of sheep. In tho year 1791, there 

'a& a farmer of the name of Scth Wright in Mnssa- 
lUsetts, who bad a flock of sheep, consisting of a ram 
id, I think, of some twelve or thirteen ewes. Of this 
lek of ewes, one at the breeding-time bore a lamb 

fhieh was very singularly formed ; it had a very long 
body, very short legs, and those legs were bowed I I 
will tell yon by-and-by how this singular variation in 
the breed of sheep came to be noted, and to have the 
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promincDce that it now has. For tho present, I 
tion only those two caacs ; bnt the extent of variatioi 
in the breed of animala is perfectly obvious to any 
who has etudicd natural history with ordinary attel 
tion, or to any person who compares an 
others of the same kind. It is strictly true that there 
arc never any two specimens which are exactly alike; 
however similar, they will always differ in some 
tain particular. 

Now lilt us go back to Atavism, — to the heredil 
tendency I spoke of. What will come of a variatii 
when yott breed from it, when Atavism comes, if 
may say so, to intersect variation J The two cases 
which I have mentioned the history, give a most excf 
lent illustration of what ocenrs. " Gratio Kelleia, 
Maltese, married when ho was twenty-two years of 
and, as I suppose there were no eix-flngered ladies 
Malta, he married an ordinary five-fingered perai 
The result of that marriage was four children ; tl 
first, who was christened Salvator, had six fingers 
and six toes, like his father ;' the second was George, 
who had five fingers and toes, hut one of them was 
deformed, showing a tendency to variation ; the third 
was Andru; he had five fingers and five toes, quite 
perfect ; the fourth was a girl, Mario ; she had fiv^ 
fingers and five toes, hut her thumbs were deformi 
showing a tendency towards the sixth. 

These children grew up, and when they came 
adnlt years, they all married, and of course it hap- 
pened that they all married five-fingered and five-toed 
persons. Now let us see what were tbe results, 
vator had four children ; they were two boys, a gi 
and another boy ; tho first two hoys and the girl w( 
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Bix-fingered and six-toed like their grandfather ; the 
fourth boy had only five fingers and five toes. George 
Lad only four cbildi-eii : there were two girls with six 
fingers and six toes ; there was one girl with six fingers 
and five toes on the right side, and five fingers and five 
^ea on the left side, so that she was half and half. 
lie last, a hoy, had five fingers and five toes. Tlie 
rd, Andre, you will recollect, was perfectly well- 
formed, and he had many children whose hands and 
'■feet were all regularly developed. Marie, the last, 
who, of course, married a man who had only five fin- 
gers, had four children : the first, a boy, was horn with 
B^i toes, but the other three were normal. 
_ Kow observe what very extraordinary phenomena 
I ■^are presented here. Ton have an accidental variation 
arising from what you may call a monstrosity; yon 
have that monstrosity teodency or yariation dilated in 
the first instance by an admixture with a female of 
narnaal construction, and .you would naturally expect 
that, in the results of such an union, the monstrosity, 
if repeated, would be in equal proportion with the 
uormal type; that is to say, that the children would 
be half and half, some taking the peculiarity of the 
father, and the others being of the purely nomial type 
of the mother ; but you see we have a great prepon- 
derance of the abnormal type. Well, this comes to be 
mixed once more with the pure, the normal type, and 
the abnormal is again produced in large proportion, 
notwithstanding the second dilution. Now what would 
have happened if these abnormal types had intermar- 
ried with each other ; that is to say, suppose the two 
boys of Salvator had taken it into their heads to marry 
their first cousins, the two first girls of George, their 
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iiri.'le? Yon will remember that these are all of the 
uLiiormal type of their grandfuUier. Tho result would 
jirobulily have been, that their ofl'spring would have 
btjon in every case a further development of that ab- 
normal type. Ton see it is only in the fourth, in the 
peraou uf Marie, that tlie tendency, -when it appears 
but slightly in tlie second generation, is washed out 
iTi the third, while the progeny of Andrfc, 'Who e&capedJj 
in the first inatanco, escape altogether. I 

We have in this case a good example of natRre*e \ 
tendency to the perpetuation of a variation. Here it 
ia eertainly a variation which carried with it no use 
or benefit ; and yet you see the tendency to perpelB- 
ation may be so strong, that, notwithstanding a great 
admixture of pure blood, the variety continues itself 
up to the third generation, which is largely marked 
witli it. In thia case, aa I have said, there was no 
means of the second generation intormarrying with any 
but five-fingered persons, and tho r[uestion naturally 
suggests itself, "What would have been the result of' J 
such marriage? Riaumur narrates this case only i 
far as the third generation. Certainly it would hav( 
been an exceedingly curious thing if we could hava!! 
traced this matter any further ; had the cousins tstei^'l 
maiTied, a six-fingered variety of the human race mi^ 
have been set up. 

To show you that this supposition is by no meaid 
an unreasonable one, let me now point out what t 
place in tho case of Seth "Wright's sheep, where it ha^a 
pened to be a matter of moment to Jiim to obtain tm 
breed or raise a flock of sheep like that accidental v»«* 
riety that I have described — aafl I will tell you whyij 
In that part of Massachusetts where Seth Wright was 
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liying, the fields were separated by fences, aiid tlie 
sheep, which were very active and robust, would roam 
abroad, and without nauch difficulty jump over these 
fences into other people's farms. As a matter of course, 
this exuberant activity on the part of the slieep con- 
stantly gave rise to all sorts of quarrels, bickerings and 
contentions among the farmers of the neighbourhood ; 
) it occurred to Seth Wright, who was, like his suc- 
essora, more or less 'cute, that if he could get a stock 
if sheep like those with tlie bandy legs, they would not 
jbe able to jump over the fences so readily, and ho acted 
^pon that idea, lie killed liis old ram, and as soon as 
She young one arrived at maturity, he bred altogether 
The result was even more striking than in the 
Buman experiment which I mentioned just now. Col- 
fenel Humphreys testifies that it always happened that 
the offspring were either pure Ancooa or-pnre ordhiaiy 
sheep ; that in no case was there any mixing of tlie 
Ancons with the others. In consequence of this, in 
the course of a very few years, the farmer was able to 
get a very considerable flock of this variety, and a large 
nnmbor of them were spread throughout Massachusetts. 
Most unfortunately, however — I suppose it was because 
they were so comirton — nobody took enough notice of 
them to preserve their skeletons ; and although Colonel 
Humphreys states that he sent a skeleton to the presi- 
dent of the Eoyal Society at the same time that ho 
forwarded his paper, and I am afraid that tlie variety 
jnfirely disappeared ; for a short time after these 
gbeep had become prevalent in that district, the Merino 
Bleep were introduced; and as their wool was much 
rmore valuable, and as they were a quiet race of sheep, 
. und showed no tendency to trespass or jump over fences, 
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the Otter breed of slieep, the wool of -which was infe- 
rior to that of tha Merino, waa gradually allowed to die 
out. 

You see tliat these facta illustrate perfectly well 
what may be done if you take care to breed ftom stocks 
that arc similar to each other. After having got a 
variation, if, by crossing a variation with the original 
stock, you multiply that variation, and then take eartfl 
to keep that variation dietlBct fi-om the original stot ' 
and make them breed together, — then you may almosE 
certainly produce a race whose tendency to continoo 
the variation is exceedingly strong. 

This is what is called "selection;" and it is by exactly 
the same process as that by which Seth Wright bred his 
Ancon sheep, that our breeds of cattle, dogs, and fowls, 
are obtained. Tlicrc are Eorae possibilities of excep- 
tion, but still, speaking, broadly, I may say that this is 
the way in which all our varied races of domestic ani- 
mals have arisen ; and yon must understand that it is 
not one peculiarity or one cliaracteristic alone in which 
animals may vary. There is not a single peculiarily 
or characteristic of any kind, bodily or mental, in which 
offspring may not vary to a certain extent from 
* parent and other animals. 

Among ourselves this is well known. The simplt 
physical peculiarity is mostly reproduced. I know a 
ease of a man whose wife has tlie lobe of one her ears 
a little flattened. An ordinary observer might scarcely 
notice it, and yet every one of her children has 
approximation to the same peculiarity to soma 
tent. 

If you look at the other extreme, too, the gravest 
diseases, such as gout, scrofula, and consumption, may 
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\ te handed down -witli just the same certainty and per- 
Fristenee as we noticed in the perpetuation of the bandy 
P legs of the Ancon Bhecp. - 

However, these facta are best ithiatrated in animals, 
tad the extent of the variation, as ia wdl known, is 
fery remarkable in dogs. For example, there are 
e dogs very much smaller than others ; indeed, the 
lariation is so enormous that probably the smallest dog 
fcould bo about the size of the head of the largest ; 
B very great variations in the structural forms 
lot only of the skeleton but also in the shape of the 
all, and in the proportions of the face and the dis- 
tosition of the teeth. 

The Pointer, the Eetricver, Bulldog, and the Ter- 
mer, differ very greatly, and yet there is every reason 
believe that every one of these races has arisen from 
Sie same eource, — that all the most important races 
'lave arisen by tliis selective breeding from accidental 
Variation. 

A still more striking ease of what may be done by 
selective breeding, and it is a better case, because there 
is no chance of that partial infusion of error to which 
I allude, has been studied very carefully by Hr. Dar- 
win, — the case of the domestic pigeons. I dare say 
there may bo some among you who may be pigeon 
fanciers, and I wish you to understand that in ap- 
proaching the subject, I would apeak witli all humility 
and hesitation, as I regret to say that I am not a pigeon 
fancier. I know it is a great art and mystery, and a 
thing upon which a man must not speak lightly ; but 
I shall endeavour, as far as my understanding goes, to 
give you a summary of the published and unpublished 
information which I have gained from Mr. Darwin. 
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Among tJie enormous varietj^, — ^I belierc tliero are 
BOmowhere about a liundred aud fifty kinds of pigeons, * 
— there aro four kinds wliioli may bo selected as repre- ^ 
liDQtuig the extremest divergences of one kind from a 
other. Their names are the Carrier, the Pouter, the 
Fantail, and the -Tumbler. In theeo largo diagrams 
that I have here they are each represented in their ^ 
relative eizea to each other. This first ono is the Car- 
rier; you vnll notice this large excrescence on its * 
heak ; it has a comparatively small head ; there i 
bare sjjace round tho eyes ; it has a long neck, a reiy '] 
long beak, very strong legs, large feet, long wings, and'.] 
so on. TJie second ono is tho Footer, a very large birdj . | 
with very long legs and beat. It is called the Pontat J 
because it is in the habit of causing its gullet to swell | 
up by inflating it with air. I should tell you that all. 
pigaone have a tendency to do this at times, but in the 
Pouter it ia carried to an unorniuus extent. Tho birds 
appear to bo quite proud of tlieu- power of swelling , 
and puffing themselves out in this way; and I thinkitj 
is about as droll a siglit as you can well see to look atT 
a cage full of those pigeons puffing and blowing theni-T 
Bolves oflt in this ridiculous manner. 

This diagram ia a representation of the third kind ] 
I mentioned — the Fantail. It is, you see, a small bird^ J 
with exceedingly small legs and .a very small beakn'! 
It is most curiously distuiguished by the size and es*M 
tent of its tail, which, instead of containing fonrtdeli J 
feathers, may have many more, — say thirty, or erei 
more — I believe there are some with as many as forty-^ 
two. Tliia bird has a cnrioiia habit of spreading ovii 
the feathers of its tail in such a way that they reaoK 
forward, and touch its head ; and if tliis can be accom>.l 
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plifilied, I believe it ia looked upon aa a point of great 
beauty. 

But liere is tlie last great variety, — flie Tumblor ; 
and of that great variety, one of tlie priucipal kinds, 
and one most prized, is the specimen represented here 
— the fibort-faeed Tumbler. Its beak, you Bee, is re- 
duced to a mere nothing. Jast compare the beak of 
this one aud that of the first one, the Carrier — I believe 
tlie orthodox comparison of the head and beak of a ' 
iliorougbly well-bred Tumbler is to stick an oat into a 
cherry, and that will give you the proper relative pro- 
portions of the head and beak. The feet and legs are 
exceedingly small, and the bird appears to be quite a 
dwarf when placed side by side with this great Carrier. 
These are dift'orences enough in regard jo tbcir ex- 
ternal appearance ; hut these differences are by no 
means tJie wliolc or even the most important of the dif- 
1 which obtain between these birda. There is 
iiardly a single point of their structure which has not 
become more or less altered ; and to give you an idea . 
of how extensive these alterations are, I have here some 
very good skeletons, for which I am indebted to my 
friend Mr. Tegetmcier, a great authority in these mat- 
ters ; by means of which,*if yon examine them by-and- 
by, you will be able to see the enormous difference in 

Uieir bony structifl'es. 

I had the privilege, some time ago, of access to 
me important MSS. of Mr, Darwin, who, I may tell 

FOB, has taken very great pains and spent much valu- 
able time and attention on the inveKtigation of these 

rariations, and getting together all the facts that bear 
lipon them. I obtained from these MSS. the follow- 

plg summary of the differences between the domestic 
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breeds of pigeons ; tliat ia to say, a notification of the 
various [loiuts in wliich their organization ditfera. In 
the first plaee, tlie Lack of the slcuU may ditfur a good 
deal, and the development of tho bones of the face may 
vary a great deal ; the back varies a good deal ; tho 
Bhapo of the lower jaw varies ; the tongue varioB very 
greatly, not only in correlation to the length and size 
of tho hoak, but it seenis also to liavo a kind of inde- 
pendent variation of its own. Then the amount of, J 
naked skin round the eyes, and at the base of the beak,- 
may vary enorinously ; so may tlie length of the eye- 
lids, the slmpo of the nostrils, and the length of the 
neck. I have already noticed the habit of blowing out 
the gullet, BO remarkable in the I'outcr, and compara- 
tively BO ia tho others. There are great differences, 
too, in tho size of the female and tho mate, the shape 
of the body, the nnniber and width of the processes of 
the ribs, the development of the ribs, and the Bize, 
shape, and development of the breastbone. "We. may 
• notice, too, — and I mention the fact because it haa 
been disputed by what 'is assumed to be high author- 
ity, — the variation in number of the sacral vertebra. 
The number of these varies from eleven to fourteen, 
and that wlthont any diminution in the number of the 
vertebraa sf tho back or of the tail. Then the number 
and position of the tail-feathers may vary enormously, , 
and so may the number of the primary and secondary 
feathers of the wings. Again, the length of tlie feet 
and of the beak, — although they have no relation to 
each other, yet appear to go together, — tliat is, yow 
liave a long beak wherever you have long feet. Thi 
are differences also in the periods of the acquiremoit 
the perfect plumage, — tho size and shape of the 
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the nature of flight, and the powers of flight,^-^so^afl-: f,-' -/ 
ed " homing " birds having enorm9us flying powers ;* 
while, on the other hand, the little Tumbler is so called 
because of its extraordinary faculty of turning head 
over heels in the air, instead of pursuing a distinct 
course. And, lastly, the dispositions and voices of the 
birds may vary. Thus the case of the pigeons shows 
you that there is hardly a single particular, — whether 
of instinct, or habit, or bony structure, or of plumage, 
—of either the internal econoniy or the external shaipe, 
in which some variation or change may not take place, 
which, by selective breeding, may become perpetuated, 
and form the foundation of, and give lise to, a new 
race. 

If you carry in your mind's eye these four varieties 
of pigeons, you will bear with you as good a notion as- 
you can have, perhaps, of the enormous extent to which 
a deviation from a primitive type may be carried bj 
means of this process of selective breeding. 

* The " Garner^'* I learn from Mr. Tegetmeier, does not carry ; 
a high-bred bird of this breed being but a poor flier. The birds 
which fly long distances, and come home, — "homing" birds, — 
and are consequently used as carriers, are not " carriers " in the 
fancy sei&e. 
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LECTURE V. 

TIIE CONDITIONS OF EXISTENCE AS AFFECTING THE 
PEIiPETUATION OF LIVING BEINGS. 

In tlic last Lecture I endeavoured to prove to you 
that, while, as a general rule, organic beings tend to 
reproduce their kind, there is in them, also, a constantly 
recurring tendency to vary — to vary to a greater or to 
a less extent. Such a variety, I pointed out to you, 
might arise from causes which we do not understand ; 
we therefore called it spontaneous ; and it might come 
into existence as a definite and marked thing, without 
any gradations between itself and the form which pre- 
ceded it. I further pointed out, that such a variety 
having once arisen, might be perpetuated to some ex- 
tent, and indeed to a very marked' extent, without any 
direct interference, or without any exercise of that pro- 
cess which we called selection. And then I stated 
further, that by such selection, when exercised artifi- 
cially — if you took care to breed only from those forms 
which presented the same peculiarities of any variety 
which had arisen in this manner — the variation might 
be perpetuated, as far as we can see, indefinitely. 

The next question, and it is an important one for 
us, is this : Is there any limit to the amount of varia- 
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tiou fruai tlie primitive stock ■wbicli can bo produced 
bj this process of selective breeding ? In consideiing 
this qnestion, it will be useful to class tlie character- 
iatics, in respect of which organic hf ings vary, under 
two Leads: we may consider strnctural characteristics, 
and we may consider pliysiological characteristics. * 

In the first place, as regards structural characteria- 
.tics, I endeavoured to show you, by the skeletons which 
I liad npou the table, and by reference to a great many 
well-ascertained facts, that the different breeds of 
Pigeons, the Carriers, Pouters, and Tumblers, might 
vary in any of their iutenial and important structural 
characters to a very great degree ; not only might ttere 
be changes in the projjortions of the skull, and the char- 
acters of the feet and beaks, and so on ; but that there 
might be an absolute difference in the mimber of the 
vertebrffi of the back, as in the sacral vertehrie of tha 
Pouter; and so great is the extent of the variation in 
these and similar characters that I pointed out to you, 
■by reference to the skeletons and the diagrams, that 
these extreme varieties may absolutely differ more from 
one another in their stilictural characters than do what 
naturalists call distinct Species of pigeons; that is to 
say, that they differ so much in structure that there is 
a greater difference between Ihe Pouter and the Tum- 
bler than there is between such wild and distinct forms 
as the Kock Pigeon or the Ping Pigeon, or the Ring 
Pigeon and the Stock Dove ; and indeed the differences 
are of greater value than this, for tlio structural differ- 
ences between these domesticated pigeons are sucli as 
would be admitted by a naturalist, supposing he knew 
notbing at all about their origin, to entitle them to 
constitute even distinct genera. 
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As I have used this term Species, and shall proba- 
bly use it a good deal, I had better perhaps devote a * 
word or two to esplaiuing what I mean hy it. 

Animals and phiuts arc divided into groups, which 
hoponie gradually Biiialler, begiuoing with a Klxodou, 
whith is divided into Sue-Kingdoms; then come the 
Nimller divisions called Feovincks ; and 60 on from & 
I'KovmcE to a Class, from a Olabs to an Ordke, from J 
Ordebs to Families, and from these to Genera, until | 
we come at length to the smallest groups of animals ' 
which can be defined one from the other by constant 
characters, which are nut sexual ; and these are what 
iiatqralists call Specuw in practice, whatever they may 
do in theory, I 

If in a state of nature you find any two groups aim 
living bi^ngB, which, are separated one from the otb«^^ 
.by Bomc constantly-recurring characteristic, I don't 
care how slight and trivial, so long as it is defined and 
constant, and does not depend on sexual peculiarities, 
then all naturalists agree in calling them two species ; 
that is what is meant by the use of the word species — 
that is to say, it is, for the practical saturalist, a m 
qnestion of structural diiferences.* 

We have seen now — to repeat this point once mor^ 
and it is very essential that we should rightly undeiv J 
stand it — wo have seen that breeds, known to have. I 
been derived from a common stock by selection, may J 
be as diifcrent in their strncture from the original stock I 
as species may be distinct from each other. 

But is the like true of the physiological cbarac- '' 



* I lay stress bere on the praelical aigniScation 
er n phjeiolo^cal teat between HpecieB eiiflt or n 
plicuble by the ptMlioU OBturaliat. 



"SpecieB." WJwth* 
it IB hardlf erer ap- 
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teristics or animala 3 Do tlie physiological differences 
of varieties amount in dt-gree to those observed between 
forma which natiiralista call distinct species? This is 
a moat important point for lis to consider. 

As regards the great majority of phyaiologiciil cluir- 
acteristics, there ia no doubt that they are capable of 
being developed, increased, and modified by selection. 

There is no doubt that breeds may be made as dif- 
ferent as species in many physiological characters. I 
have already pointed out to you very briefly tlie differ- 
ent liahits of the breeds of Pigeons, all of whicli depend 
lipon their physiological peculiarities, — as tlie peculiar 
habit of tumbling, in the Tumbler, — the pceuHari- 
ties of flight, in the " homing " hii'ds, — the sti'ango 
I habit of spreading out the tail, and walking in a-pccu- 
liar fashion, in the Fantail, — and, lastly, the habjt of 
■blowing out the gullet, so characteristic of the Pouter. 
These are all duo to physiological modification, and in 
aJl these respects these birds differ as much from each 
I other as any two ordinary species do, 

So with Dogs in their habits and instincts. It is 

a physiological peculiarity which leads the Gi'eyhound 

I to chase its prey by sight, — that enables tho Beagle to 

[ traok it by the scent, — that impels the Terrier to its 

\ rat-hunting propensity, — and that leads the Eetriever 

' to its habit of retrieving. Jhese habits and instincts 

are all the results of physiological differences and pecu- 

I iiarities, which have been developed, from a common 

etock, at least therp is every reason to believe so. But 

I it ia a most singular circumstance, that while you may 

I mn through almost the whole series of physiological 

esses, without finding a check to your argument, 

L you come at last to a point where yoii do find a check, 

6" 
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urid that is in the reproductive proccsseB, For tliere 
is a most singular circumetnnce in respect to natural , 
species— at least about some of them — and it would be J 
sufliciciit for the purposes of this argument, if it were 
true of only oao of them, but there is, in fact, a gi-eat 
number of such cases — and that is, that similar as tliey 
maj appear to be to mere races or breeds, tliey present 
a marked peculiarity iu the reproductive process. If 
yon breed from the male and i'eraale of the same race, 
yon of course liaye offspring of the like kind, and if 
you make the offapi-ing breed together, you obtain the 
same result, and if you breed from these again, ytfU 
will 8tiU have the same kind of offspring ; there -is no ' 
- check. But if you take members of two distinct spe- 
cies, howeror similar they may be to each other, and 
make them breed together, you will find a cheek, with 
Bome modificationB and exceptions, however, wliioh I ' 
shall speak of presently. If you cross two such epe 
with each other, then, — although you may get offspring 
ia the case of the first cross, yet, if you attempt to breed 
from the products of that oroasing, which are what are 
called Hybeids — that is, if you couple a male and a 
female hybrid — then the result is that in ninety-nine 
cases out of a hundred you will get no ofispring at. all : 
there will bo no result whatsoever. 

The reason of this ia guite obvious in some eases ; 
the male hybrids, although possessing all tlie external 
appearances and characteristics of perfect animals, are J 
physiologically imperfect and deficient in tha structural J 
parts of the reproductive elements nceeesary to gener^j 
ation. It ia said to bo invariably the case with thftj 
male mule, the cross between the Ass and the Maro ;■ 
and hence it is, that, although crossing the Uorse wittl 
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the Ass is easy enongb, and is constantly done, as far 
as I am aware, if you take two mules, a male and a 
female, and endeavour to breed from tliem, yon get 
jio offspring whatever ; no generation will -tako place. 
This is wliat is called the sterility of the liybrida be^ 
tween two distinct species. 

Ton SCO that this is a very extraordinary circnm- 
etance ; one does not see why it should he. The com- 
mon teleological explanation is, that it ia to prevent the 
impurity of the blood resulting from the crossing of 
one -epeeies with , anotlier, but yon see it does Dot in 
. reality do anything of tiie bind. There is nothing in 
this fact that hybrids cannot breed with each otBer, to 
establish such a theory; there is nothhig to prevent 
tlie Horse breeding with the Ass, or the Ass with the 
Horse. So that this explanalion breaks down, as a 
great many explanations of this kind do, Uiat are only 
founded on mere assumptions. 

Thus you see tliat there ia a great difference be- 
tween " mongrels," which are crosses between distinct 
races, and " hybrids," which are crosses between dis- 
tinct species, Th4 mongrels are, so far as we know, 
fertile with one another. But between species, in many ■ 
cases, you cannot succeed in obtaining even the first 
cross : at* any rate it is quite certain that the hybntle 
are often absolutely infertile one with another. 

Here is a feature, then, great or email as it may be, 
which distinguishes natural species of animals. Can 
we find any approximation to this in the different races 
tnown to be produced by selective breeding from a 
common stock? Up to the present time the answer 
to that question is absolutely a negative one. As far 
as we know at present, there is nothing approximating 
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to tljie clieck. In crossing the breeds between the Fan- 
tail and the Pouter, the Carrier and the Tumbler, or 
any other variety or race you may name — so far as we 
know at prosent — there is no difficulty in breeding to-. 
gothor the mongrels. Take the Carrier and the Fantail, 
lor. instance, and let them represent the Uorse and the 
Ass in the case of distinct species ; then you have, as 
tlie result of their breeding, the Carrier-Fantail mon- 
grel, — we will say the male and female mongrel, — and, 
aa far as we know, these two when eroeacd would not 
beJesfi fertile than the original cross, or than Carriei 
with Carrier. Here, you see, is a physiological eon- 
li-ast Between the races produced by selective modifica- 
tion and natural species. I shall inquire into the valua 
of this fact, and of some modifying circumstance, by 
and by ; for the present I merely put it broadly befor^' 
you. 

But while considering this question of tlie Umita- 
tiona of species, a word must be said about what is. 
called RiicrHBENcE — the tendency of races wliich havo 
been developed by selective breeding from varieties to 
return to their primitive typa. Tl^ is supposed by 
many to put an absolute limit to the extent of selective 
and all other variations. People say, " It is all very 
well to talk about producing these diiferent races, but 
you know Very well that if you turaed all these bu-da 
wild, these Pouters, and Carriers, and so on, they would 
all return to their primitive stock," This is very com- 
monly assumed to be a fact, and it ia an argument that 
ia commonly brought forward as conclusive; but if 
you will take the trouble to inquii-e into it rather closely, 
I think you will find that it is not worth very much. 
The first question of course is. Do they thus return to 
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the primitive 6tock ? And commonly as the tking is 
assumed' and accepted, it is extremely difficult to get 
anything like good evidence of it. It is eonstantly said,' 
for examplo, that if domesticated Horses are tnmed 
wild, as they have been in some parts of Asia Minor 
and South America, that they return at ouce to the 
primitive stock from which they were bred. But tlic 
first answer that yon make to thia assumption is, to 
ask who knows what the primitive stock was ; and the 
Bccond answer is, that in that case the wild Horses of 
Asia Minor ought to be exactly like the wild Horses 
of 'South America. If tliey arebotli like tlie same 
thing, they ought manifestly to bo like each other ! 
The best authorities, however, tell you that it is q^uito 
different. ' The wild' Horse of Asia is said to be of a 
don colour, with a largish head, and a gi-eat many 
•Other peciQiaritics ; while the best authorities on tlie 
wild Horses of South America tell you that there is 
nothing of this sort in the wild Horses there ; the cut 
of their heads is very different, and they are commonly 
chestnut or bay-coloured. It is quite clear, therefore, 
that as by these facts there ought to 'have been two 
primitive stocks, they go for nothing in support of the 
aaeumption that races recur to one primitive stock, and 
BO far as thia evidence is concerned, it falls to tlte 
ground. 

Suppose for a moment that it were so, and that 
domesticated races, when turned wild, did return to 
eome coimnon condition, I cannot see that thia would 
prove much more than that siniilar conditions are likely 
to produce similar results; and that when you take 
back domesticated animals into what wo call natural 
conditions, you do exactly the same thing as if you 
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carefully undid all tlio work you had gone tliroiigii, 
for tlie purpose of bringing the animal from- its wild 
to its domesticated Btate. I do not see anything very 
wonderful in the fact, if it took all that trouble to get - 
it from a wild state, that it should go back into its 
original state as soon as you remove the conditions 
which produced the variation to the domesticated form. 
There is an important fact, however, forcibly hronght 
forward by Mr. Darwin, winch has been noticed in 
connection with the breeding of domesticated pigeons ;" 
and it is, that however dilTerent these broeda of pigeona J 
may bo from each other, a^d we have already notified 
the great differences in these breeds, tliat if, among.! 
any of those variations, you chance to have a blua| 
pigeon turn up, it will be sure to have the black hai 
across the wings, which are charactenstio of the oricl-J 
iial wild Btoyk, the Eock Pigeon. 

Kow, this ia eortaiuly a very I'eniarkable circun] 
stance ; but I do not see myself how it tells verj 
strongly either one way or the other. I think, in fact,4 
that this argument in favour of recurrence to the primi-£ 
tive typo migiit prove a great deal too much for thosel 
who so constantly bring it forward. For example, Mr^ ■' 
Darwin has very forcibly urged, that nothing is com- 
moner tlian if you examine a dun horse — and I had a 
opportunity of veritying this illustration lately, while! 
in the islands of the West lligblands, where there araj 
a great many dun horses — to find that horse exhibit! 
a long black stripe down his back, very often stripeB'l 
on his shoulder, and vwy often stripes on his legs, !,■ 
myself, saw a pony of this description a short time &gO)fl 
in a baker's cai't, near Rothesay, in Bote : it had thai 
long stripe down the back, and stripCB on the shouldonS 
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and legs, jnst like tlioee of the Ass, tLe Quagga, and 
the Zebra. Now, if we interpret the tbeoiy of recur- 
rence as applied to tliia ease, miglit it not be said that 
ijiere was a'caso'ef a variation exliibiting tlie cbaracters 
id conditions of an animal occupying sometliing like 
;3an intermediate poeitiou between tlie Horse^ tbe Ass, 

le Quagga, and tbe Zebra, and from which these had . 
ibeen developed ? In tlie same way with regai'd even . 
(to Man. Every anatomist will tell you that there is 
lothing commoner, in dissecting tlie human body, than 
„to meet with what are called muscular rariations — that 
is, if you dissect two bodies very carefully, you will 
probably find that the modos of attacliraent and inser- 
tion of the muscles are not exactly the same in both, 
there being great pecuharitics in tJio mode in which 
the uiUBcles ara arranged ; and it is very angular, that 
some diasections of the human body you will come 
ipon arrangements of the muscles very similar indeed 
tlie same parts in tlie Apes, Is the conclusion in 
'that case to be, that this is like the blat;k bars in the 
of the Pigeon, and that it indicates a recurrence 
to the primitive type from whicli the animals have been 
probably developed] Truly, I think that the oppo- 
nents of modification and variation liad better leave 
the argument of recurrence alone, or it may prove alto- 
;ether too strong for them. 

To sum up, — the evidence as far as we have gone 
igatnst the argument as to any limit to divergences, 
BO far as strnetureis concerned ; and in favour of a 
ihysiological limitation. By selective breeding we 
can, produce structural divergences as great as those 
of species, but we cannot produce eqnal physiological 
divergences. For the present I leave the question 
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Now, the next problem tliat lies before ua — and. 
is an extremely important »ne — is this : Doea this scl 
live breeding occur in nature 3 Because, if there 
proof of it, all that I have been telling you goes 
nothing in accounting for the origin of Bpeeiea. 
natural eauses competent to play the part of sulcctiil 
in perpetuating varieties ! Hero we labour under v< _ 
gi-cat difficulties. ' In the last lecture I had occasion 
to point out to you the extreme difficulty of obtaining 
ovidonco oveu of the first origin of those varietlee, which 
we know to havo occurred in domesticated auimi 
1 told yon, that almost always the origin of these vi 
ties is overlooked, so that I could only produce ti 
or three cases, as that of Gratio Kelleia and of the 
Ancon sheep. People forget, or do not take notice of 
them until they come to havo a prominence ; and Ij 
that is trne of artificial eaeGS, iindor our own eyes, 
in animals in our own care, how much more diffi 
it must be to have at first hand good evidence of 
origin of varieties in nature ! Indeed, I do not know 
that it is possible by direct evidence to prove the origin 
of a variety in nature, or to prove Bclcctive breediuj 
but I will tell you what we can prove — and this coi 
to the same thing — ^that vai'ietles exist in nature 
the limits of species, and, what is more, that when 
variety baa come into existence in nature, there arc 
natm-al causes and conditions, which are amply 
petcnt to play the part of a selective breeder ; and 
though that is not quite the evidence that one 
like to have — though it is not direct testimony — ; 
is exceeding good and exceedingly powerful evid* 
in its way. 

As to the first point, of varieties existing 








lataral species^ I might appeal to the universal experi- 
ence of every naturalistj and of any person wLo lias 
ever tunied any attention at all to the characteristics 
of plants and animals in a Btate of .nature ; but I may 
VjBs vrell take a few definite caseB, and I will begin with 
^Han "hiinsplf. 

^ I am one of those who helievo that, at present, there 
is no evidence whatever for saying, that mankind sprang 
originally from any more than a single pair ; I must eay, 
that I cannot see any good ground whatever, or even 
any tenable sort of evidence, for believing that there 
ia more tlian one species of Man. Nevertheless, as you 
know, just as there arunmnbers of varieties in animals, 
BO there are remarkable varieties of men. I speak not 
juerely of those broad and distinct variations which 
you see at a glance. Everybody, of course, knows the 
difference between a I^egro and a wliite man, and can tell 
a Chijsaraan from an Englisliman. They each have pecn^ 
liar characteristics of colour and physiognomy ; but you 
post recollect that the characters of these races go very 
r deeper — they extend to the bony structure, and to 
■ifee characters of that most important of all organs to 
*us — the brain ; bo that, amon^ men belonging to diffoi"- 
ent races, or even within the same race, one man shall 
—Jiarc a brain a third, or half, or even seventy per cent. 
Htegger than another ; and if you take tho whole rango 
^P^hmnan brains, yon will find a variation in somecases 
^6f a hundred per cent. Apart from these variations 
in the size of the brain, the cliaractcrs of the skull vary. 
Thus if I draw the figures of a Mongul and a Negro 
head on the blackboard, in the case of the last tho 
breadth would be about seven-tenths, and in the other 
it would be nine-tenths of the total length. So 
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that you eee there is almndant evidence of variation 
among men in tUeir natural condition. And if you 
turn to otiier animals tliei'o in juet .tlie same thing. The 
fox, for example, which lias a very large geographical 
distribution all over Europe, and parts of Asia, and on ■ 
tlm American Continent, varies greatly. There 
mostly large foxes in the North, and smaller ones ia i 
tlie South. lu Germany alone, the foresters recko^J 
eome eight different sorts. 

Of the tiger, no one supposes that tliere is more thai 
one species ; they extend trom the hottest partB on 
Bengal, into the dry, cold, hitter steppes of SiheriJ 
into a latitude of 50°, — so that they may even prew 
upon the reindeer. These tigore Lave exceedingly d' 
ferent characteristics, hut still they all keep their gei 
eral features, so that there is no douht as to their bai^ 
tigers, Tlie Siberian tiger has a tliick f\ir) a smafl 
plane, and a longitudinal stripe down the back, -while 
the tigers of Java and Sumatra differ in many impor- 
tant respects from the tigers of Northern Asia, 
lions vary ; so birds vary ; and so, if you go furthei 
hack and lower down in creation, you find fishes v&ry 
In different streams, in "the same country even, yoti[ 
will find the trout to he quite different to each othe^ 
and easily recognizable by those who fish in the paj 
tienlar streams. There is the same differences in 
leeches; leech collectors can easily point out to you,! 
the differences and the peculiarities which you your^ 
self would probably pass by ; so with fresh-water mnj 
sels ; BO, in fact, with every animal you can mention. 

In platits there is the same kind of variation. Take' 
sucli a ease even as the common bramble. The hota- 
nists are all at war about it ; some of them wanting to 



PERPETirATlpH OT LrTTMG BETNG5. 115 

make out tliat there are many specieB of it, and others 
mamtaining that they are bat many varieties of one 
species ; and they cannot settle to this day which is a 
speeiea and which ia a variety I 

So that there can he no doaht whatsoever that any 
plant and any animal may vary in nature ; that varie- 
ties may ai'ine in the way I have described, — as sponta- 
tneous varieties, — and that those varieties may he per-" 
I petuated in the same way that I have shown you 
I Bpontaneous varieties ase perpetuated; I say, therefore, 
I that there can be no doubt as to the origin and jier- 
I petnation of .varieties in nature. 

But the question now is : — Docs selecti'on take place 
lin nature? is there anything like the operation of man 
I in exercising selective breeding, taking place in nature? ■ 
r Xou will observe that, at present, I say nothing about 
Bpeciea ; I wieh to confine myself to the consideration 
of the production of tliose natural races which every- 
body admits to exist. The question ia, whether in na- 
ture tliere are causes competent to produce races, just 
in the same way as man is able to produce, by selec- 
tion, such races of animals as we have already noticed. 
I When a variety has arisen, the CoNnmoNs of Exibt- 
f ENOE are such ss to exercise an influence which is 
exactly comparable to that of artificial Bcloction. By 
Conditions of Existence I mean two things, — there are 
conditions which are furnished by the physical, the in- 
organic world, and there are conditions of existence 
wliich are fiimished by the organic world. There is, 
in the first place, Climate; under that head I in- 
clude only temperature and the varied amount of 
moisture of particular places. In the next place 
there ia what is technically called Station, which 
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means — given tbe climate, the particular kind of i 
place in which aii animal or a plant lives or grows ; foP i 
example, the station of a fish is in the water, of a &e^ j 
water fish in fresh water ; the station of a marine fish j 
is in the sea, and a marine animal* ma; have a station . 
higher or deeper. So again with land animals : the I 
diilerences in their staticnis are. those of ditferent aoila^j 
and neighhourhoods ; some being best adapted to d 
calcareous, and othei'e to an arenacj^ouE BoiL TbjjH 
third condition of existence is Food, by which I mean 
food in the broadest sence, the supply of the materialfl 
necessaa-y to the existence of an organic being ; in thd 
case of a plant the inorganic mattera, such as carbonioj 
acid, water, ammonia, and the earthy salts or salines ; 
in the case of the animal the inorganic and organic 
matters, which we have seen they require ; then these 
are all, at least the two first, what we may call t' 
inorganic or jihysical conditions of existence. Fo( 
takes a mid-place, and then come the organic condi 
tious ; by which I mean the conditions which depeol 
upon the state of the rest of the organic creation^ npt 
the number and kind of living beings, witli which s 
animal ia surrounded. You may class these under two 
heads : there are organic beings, wliich operate as 
opponents, and there are organic beings which operate . 
as helpers to any given organic creature. The oppo^J 
nents may be of two kinds : there are the indirect op- J 
ponenis, which are what we may call rivals ^ and there ' 
arc -the direct opponents, those which strive to destroy 
the creature ; and these we call enemies. By rivals I 
mean, of course,' in the case of plants, those ■ ' " " 
require for their support the same kind of soil i 
station, and, among animals, those which require 1 
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dame kind of station, or food, or climate ; those are the 
indirect opponents ; the direct opponents are, of conree, 
those which prey upon an animal or vegetable. The 
helpers may also be regarded as direct and indirect ; in • 
the case of a carnivorous animal, for example, a particu- 
lar herbaceous plant may in multiplying be an indirect 
helper, by enabling the herbivora on which the carni- 
Tore preys to get more food, and thus to nourish the 
earnivore more abundantly; the direct helper may be 
test illustrated by reference to some parasitic creature, 
Buch as the tape-worm. The tape-worm exists in the 
human intestines, bo that tlie fewer there are of men 
Ihe fewer tliere will be of tape-worms, other things 
teing alike. It is a humdiating reflection, perhaps, 
that we may be classed as direct helpers to the tape- 
worm, but the fact is so : we can all see that if there 
were no men there would be no tape-worma. 

It is extremely difficult to estimate, in a proper way, 
the importance and the working of the Conditions of 
Existence. I do not think there were any of us who 
had the remotest notion of properly estimating them 
until the publication of Mr. Danvin's work, which has 
placed them before us with remarkable clearness ; and 
I must endeavour, as far as I can in my own fafihion, to 
give yon some notion of how they work. We shall find 
it easiest to take a simple case, and one as free as possi- 
ble from every kind of complication. 

I will snjjpose, therefore, that all the liabitahle part of 
this globe — the dry land, amonnting to about 51,000,000 
lBC|nare miles, — I will suppose that the whole of that dry 
land haa the same climate, and that it is composed of 
yiUe same kind of rock or soil, so that there will be the 




snme station everywhere ; we tliiis get rid of tbe petm 

r infltience of different climates and etatioim. I y 
then iiuagiiiQ fliat tliere sliaU be but one organic beini 
■ in tlie world, and that shall be a plant. In this ■v 
start fair. Its food is to be carbonic acid, water and 
anunoaia, and the saline matters in the soil, wliich are, 
by the anpposition, everywhere alike. We take one 
Bingle plant, with no opponentfi, no helpers, and naj 
rivals ; it is to be a " fair field and no favour." Noil 
I will ask yon to imsiglne further thaf it shall be a pU 
which shall produce every year Jirty seeds, which ia 
\ery moderate number for a plant to produce ; i 
that, by the a<::tion of the winds and currents, thes 
seeds shall be equally and gradually distributed over the 
whole surface of the land. I want you now to trace 
out what will occur, and you will observe that I am not 
tslking fallaciously any more than a matliematician 
does when he expounds his problem. If you show tliat 
the conditions of your problem are such as may actually 
occur in nature, and do not transgrese any of the known 
laws of nature in.working out your proposition, then 
you are as safe in flie conclusion you arrive at, as is the 
mathematician in arriving at the solution of hia problem. 
In science, the only way of getting rid of the complica- 
tions with which a subject of this kind is environed, is 
to work in this deductive method. What will be tho 
result then? I will suppose that every plant requires 
one square- foot of ground to live upon ; and the result 
will be th&tj in the course of nine years, the plant will 
have occupied every single available spot in the whole 
globe I I have chalked upon the blackboard the figures 
by which I arrive at the result ; — 
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3,500 X BO 
1S5,000 X 60 



4th 



125,000 
6,350,000 
tO.&OO 



=sq. ft. 1,421,798,400,000,000 



6,350,000 X 50 " Sth " = 313,500,0 

812,500,000 X 50 " flth " = 15,625,000,000 

13,625,000,000 x 50 " 7th " = 781,350,000,000 

781,230,000,000 x 60 " 8th " = 30,082,300,000,000 

"30,063,500,000,000 X 50 " 9th " = 1,953,125,000,000,000 
51,000,000 eq. miles— the dry sur- 
face of the earth X 27,878,400— 
the number of sq. ft. in 1 sq. mile 
' . being 631,336,600,000,000 

I square feet less than would be required at the end of the ninth jear. 

Tou ■will Bee from this that, at the end of the first 
[ year the Binglc plant will iiave produced fitVy more of its 
I Mad ; by the end of the second year these will have 
I increased to 3,500.; and ao on, in sncceeding yearSj you 
I "get beyond gtco trilUons ; and I am not at all sure that 
I I could tell yon what the proper arithmetical denomina- 
I tion of the total numher really is ; bnt, at any rate, you 
l-wiU understand the meaning of aU those noughts. 
I Th§n you see that, at the bottom, I Lave taken the 
I 61,000,000 of square miles, constituting the surface of 
I the dry land ; and as the numher of square feet, are 
I placed under and abstracted from the number of seeds 
I that would be produced in the ninth year, you can see 
3 that there would be an immense niunber more 
' of plants tlian there would be square feet of ground for 
their accommodation. Thia is certainly quite enough 
to prove iny point ; that between the eighth and ninth 
I year after being planted, the single plant would have 
l' Btocked the whole available surface* of the earth. 

This is a thing which is hardly conceivable — it seems 
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Lardly imaginable — yet it la so. It ia indeed fiimply 
tlie law of MaltliuH exemplified. Mr. Malthus was a 
clergyman, who worked ont this subject most mimitely 
and truthfully some years ago ; he showed qnite clearly, 
— and although lie was much abused for his conclusions 
at the time, they have never yet been disproved and 
never will be — lie showed that in consequence of the 
increase in the number of organic beings in a geometr^^ 
cal ratio, while the means of existence cannot be mat' 
to increase in the same ratio, that there must come 
time when the number of organic beings will 
excess of the power of production of nutriment, and that 
thus some cheek must arise to the further inercase of 
those organic beings. At the end of the ninth year wi 
Lave seen that each plant would not be able to get il 
full square foot of ground, and at the end of anothi 
year it would have to share that space with fifty otbi 
tlie produce of the seeds which it would give off. 

What, then, talcca jilace ? Every plant grows u] 
flourishes, occupies its square foot of ground, and givi 
qff its fifty seeds ; but notice this, that out of this m 
ber only one can come to anything ; there is thus, 
wore, ibrty-nine chances to one against its growing u] 
it (Jependa upon the most fortuitous eircumetant 
whether any one of these fifty seeds shall grow up tmA' 
flourish, or whether it shall die and perish. Tliis is 
what -Mr, DaJTjin has drawn attention to, and called the 
" Steuggle foe Existekcb ; " and I have taken this 
simple ease of a plant because some people imagine that 
the phrase seems to imply a aort of fight. 

I have taken tliis plant and shown you that this is 
the result of the ratft) of the increase, the necessary re- 
sult of the arrival of a time coming for every Bpecies 
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when exactly as many members must be destroyed aa 
I are bom ; that ia tlie inevitable ultimate result of the 
I, rate of production. Now, what is the result of all this ? 
J I have said that there are forty-nine struggling against 
every one ; and it amounts to thia, that the smallest 
possible start given to any one seed may give it an 
advantage which will enable it to get ahead of aH the 
[ others ; anything that will enable any one of these seeds 
I to germinate six hours before any of the others will, 
other things being alite, enable it to choke them out 
altc^ether. I have show you that there is no particu- 
lar in which plants will not vary from each other ; it is 
quite possible that one of our imaginary plants may 
vary in such a character as the thickness of the integu- 
ment of its seeds. It might happen that one of the 
plants might produce seeds having a thinner integn- 
I ment, and that would enable the seed of that plant to 
[ germinate a little quicker than those of any of the 
r others, and those seeds would moat inevitably estin- 
[ guish the forty-nine times as many that were atmg- 
I gling with them. 

I have put it in this way, but yon see the practica] 
[ result of the process is the same as if some person had 
I nurtured the one and destroyed the other seeds. It does 
I not matter how the variation is produced, so long as it 
I ia once allowed to occur. The variation in the plant 
X once fairly started, tends to become hereditary and 
reproduce itself; the seeds would spread themselves in 
the same way and take part in the struggle with the 
y-nine hundred, or forty-nine thousand, with which 
y might be exposed. Thus, by degrees, thia variety, 
ii some dight organic change or modification, must 
I spread itself over the whole surface of tlie habitable 
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■ replace the other kinds. That 1 



gkibe, and estlrpate 

IB what ia meant by WA-nniAL Selection; that is the 
kind of argument hy whiiji it is perfectly demonstrable 
that tlio conditiona of existeiico may play exactly the 
same part for natural varieties as man does for domeeti- 
eated varieties. No one doubts at all that partieular 
circnmstancea may be more favorable lor one plant and 
less BO for another, and the moment you arlmit that, you 
admit the selective power of natiu-e. Now, although I 
have been putting a hypothetical case, you must not 
Buppoee that I have heen reasoning hypothetically. 
There are plenty of direct experiments which bear out 
what we may call the theory of natural selection ; there 
is extremely good atitliority for the statement that If y( 
take the seed of mixed varieties of wheat and sow it 
collecting the seed next year and sowing it again, 
length you will find that out of all your varietie6, only 
two or three have lived, or perliaps even only one. 
There were one or two varieties which were beat fitted 
to get on, and they have killed out the other lands in 
just the same way and with just the same certainty as 
if you had taken the trouble to remove them. Aa 
have already said, the operation of nature ia exactly 
same as the artificial operation of man. 

But if this be true of that siiflple case, which I pi 
before yon, where there is nothing but the rivalry of one 
member of a species with others, what must be the 
operation of selective conditions, when you recollect as 
a matter of fact, that for every species of animal or 
plant there are fifty or a hundred species which might 
all, more or lees, be comprehended in the same climate, 
food, and station ; — ^that every plant has multitudinous 
animals wliich prey upon it, and which are its direct 
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opponents ; and that these have otlier animaLj preying 
upon them,— tliat every plant has its indirect helpers in 
tlie birds that scatter abroad its seed, and the animals 



that manure it with their dui 



say, 



when these 



I 



tilings are considered, it seems impossible that any 
Tariation which may arise in a species in nature should 
not tend in some way or other, either to be a little 
better or worse than tlie previous stock ; if it is a little 
better it will have an advantage over and tend to extir- 
pate the latter in this crush and struggle ; and if it is a 
little worse it will itself be extirpated. 

I know nothing that more appropriately expresses 
this, than the plirase, " the struggle lor esiBtence ; " be- 
cause it brings before your minds, in a vivid sort of 
way, aoine of the simplest possible circumstances con- 
nected with it. When a struggle is intense, there must 
te some wlio are sure to be trodden down, crashed, and 
overpowered by others ; and there will be some who 
jnat manage to get through only by the help of the 
slightest accident. I recollect reading an account of the 
famous retreat of the French troops, under Napoleon, 
from Moscow, Worn out, tired, and dejected, they at 
length came to a great river over which there was but 
one bridge for the passage of the vast army. Disorgan- 
ized and demoralized as it was, the struggle must eer- 
tiunly liave been a terrible one — everyone heeding only 
himself, and crushing through and treading down his 
fellows. The writer of the narrative, who was himself 
one of those who were fortunate enough to succeed in 
getting over, and not among the thousands who were 
left behind or forced into the river, ascribed his escape 
to the fact that he saw striding onward through the 
mass a great strong fellow,— one of the French Cub-as- 
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Biere, wlio had on a large blue cloak — and lie Iia^ 
enough presence of mind to catch and retain a hold o 
this Btrong man's cloak. He says, " I caught hold o 
his cloak, and although he swore at me and cut at i 
struck rae by turns, and at last, when he i'oimd he couldll 
not shake me off, I'ell to entreating me to leave go or I I 
should prevent liim from escaping, besides not assisting , 
myself, I still kept tight hold of him, and would not 
quit my grasp until he had at last dragged me through." 
Here you see waa a case of selective saving — if we may 
so term it — depending for its sueeoas on the strength of 
the cloth of the Cuirassier's cloak. It is the same in 
nature ; every species has its Bereaina ; it haa to fight 
its way through anil stniggle with other species ; andl 
when well nigh overpowered, it may be that th^ 
smallest chance, something in its colour, perhaps — tlrt^ 
raimiteat cireumatance— will turn the scale one way o 
the other. 

Suppose that by a variation of the black race it hafl 
produced the white man at any time — you know that 
the Negroes are said to believe tliia to have been the 
ease, and to imagine that Cain was the first white man, 
and that we are his descendants — snppose that tiiis bad 
over happened, and that the first residence of this 
human being was on the "West Coast of Africa, There 
is no great structural difference between the white man 
and the Negro, and yet tliere is something so singularly 
different in the constitution of the two, that the malarias 
of that country, which do not hui-t the black at all, cut 
off and destroy the white, thus you see tliere would' 
have been a selective operation performed. If thewhU^ 
man had risen in that way, he would have bee 
out and removed by means of the malaria. Now UlB^ 
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really is a very carious case of aeleetion of tliis sort 
among pigs, aud it is a case of seleetion of colour, too. 
In the wooda of Florida tliere are a great many pig3, 
and it ifl a very curious tliiny that they are all Ijiacik, 
every one of them. Professor Wyuian was there some 
years ago, and on noticing no pigs but these black ones, 
lie asked some of the people how it was that tliey 
Iiad no wliite pigs, and the reply was that in the wooda 
of Florida there was a root wliicli they called the 
Paint Root, and that if the wlute pigs were to eat any 
of it, it had the effect of making tlieir hoofs crack, and 
they died, but if the black pigs eat any of it, it did not 
hurt them at all. Ilore was a very simple case of 
natural selection. A skilful breeder could not more 
carefully develop the black breed of pigs, and weed out 
all the wlute pigs, than the Paint Root does. 

To Bhow you how remarkably indirect may be such 

I natural selective agencies as I have referred to, I will 

} conclude by noticing a case mentioned by Mr. Darwin, 

and which is certainly one of the most curious of its 

kind. It is that of the Ilumhle Bee. It baa been 

noticed that there are a great many more humble bees 

1 in the neighbourhood of towns, than out in the open 

[ country ; aud the explanation of the matter is this : the 

Lumble bees build nests, in which they store their honey 

and deposit the larvie and eggs. The field mice are 

amazingly fond of the honey and larvie ; therefore, 

wherever there are plenty of field mice, aa in the coun- 

I try, the humble bees are kept down ; but in the neigh- 

I bourhood of towns, the number of cats which prowl 

[ about the fields eat np the field mice, and of course the 

(-more mice they eat up the less there are to prey upon 

) lajvte of tiie bees — the cats are therefore the ram- 
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EECT HELPEES of tlio boes.* Coming back a step farther 
we may say that the old maids are also indirect friends 
of the humble bees, and indirect enemies of the field 
mice, as they keep the cats which eat up the latter ! 
This is an illustration somewhat beneath the dignity of 
the subjiBct, perhaps, but it occurs to me in passing, and 
with it I will conclude this lecture. 

* The humble bees, on the other hand, are direct helpers of 
some plants, such as the heartsease and r«d clover, which are 
fertilized by the visits of the bees ; and they are indirect helpers 
of the numerous insects which are more or less completely sup- 
ported by the heartsease and red clover. 



LECTURE TI. 

A CEinCAL EXASHNATION OF THE POSITION OF 
MB. DAJiWIN'a WORK, "ON THE ORIGIN OP 

BPBCIE8," IN RELATION TO THE COMPLETE 
THEORY OF THE CAUSES OP THE PHENOME- 
NA OP ORGANIC NATURE. 

In the preceding five lectnrea I liave endeavoured to 

give you an account of tliose facts, and of those reason- 

inga from facta, which form tliQ data upon which all 

tUeoriea regarding the eausea of the phenomena of or- 

' ganic nature muat bo baaed. And, although I have had 

3asion to c[note Mr. Darwin — as all persona 

hereafter, in speaking upon these subjects, will have 

I occasion to quote liis famous book on the " Origin of 

—you must yet remember that, T^'herever I 

' have quoted him, it has not been upon theoretical 

points, or for statements in any way connected with his 

particular speculations, but on matters of fact, brought 

forward by liimself, or collected by himself, and which 

appear incidentally in his book. If a man wiU make 

a boot, professing to discuss a single question, an en- 

'clopfedia, I cannot help it. 

Kow, having had an opportunity of considering in 

\ this sort of way the different statementB bearing upon 

I all theories whatsoever, I have to-night to lay before 
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joa, as fairly afi I can, what is Mr. Darwin's view of tlie I 
matter and what position Ids theories liold, when judged I 
hy the principles which I have previuuslj laid down a 
deciding our judgnients upon all theories and liypotbeBca. I 
1 have already stated to you that the inquiry respect- 1 
ing tlie cauBea of the pliiiiiomena of organic nature re- I 
eolrea itself into two prohlema — the first being the! 
(juostion of tlio origination of living or organic beii 
and the second being the totally distinct problem of the 1 
modification and perpetuation of organic beinga when 1 
they have already come into exiatenee. Tlie first quea- I 
tion Mr. Darwin does not touch ; he does not deal with j 
it at all ; but he says — given the origin of organic mat- j 
ter — Bupposing its creation to have already taken place, I 
my object is to show in consequence of what laws and I 
what demonstrable properties of organic matter, and of | 
it3 environments, such states of organic nature as tliose I 
with which wo are acquainted mnst have come about. I 
ThiB, yon will observe, is a perfectly legitimate propo- 
sition ; every person has a right to define the limits of 
the inquiry which he seta before himself; and yet it is 
a most singular thing that in all the multifarious, and 
not unfrequently, ignorant attacks wliich have been mado 4 
upon the " Origin of Species," there is nothing which haa I 
been more speciously criticised than this particular limi- 1 
tation. If people have notliing else to urge against the I 
book, they say—" Well, after all, you see Mr, Darwiu'a I 
explanation of the ' Orij^n of Species' ia not good for [ 
much, because, in the long run, he admits that he does I 
not know how organic matter began to exist. But if J 
you admit any special creation for the first particle o 
organic matter you may just as well admit it for all the I 
rest ; five hundred or five thousand distinct creatiom J 
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arc juat as intelligible, and just as little difficult to 
understand, aa one." The answer to these cavils is 
two-fold. In tlie first place, all human inquiry must 
stop somewhere ; all om- knowledge and all our inves- 
tigation cannot take ns heyond the limits set by the 
finite and restricted character of our faculties, or de- 
stroy the endless unknown, which accompanies, hke 
its shadow, the endless procession of phenomena. So 
far as I can venture to offer an opinion on snch a 
matter, the purpose of our being in existence, the 
highest object that human beings can set before thera- 
selvcs, is not the pursuit of any such chimera as the 
annihilation of the nnkno^rn ; hut it is simply the un- 
wearied endeavour to remove its houndaries a little 
further from our little sphere of action. 

I woiider if any historian would for a moment admit 
the oLjeution, that it is propostGroiis to trouble ourselves 
about the history of the Eoman Empire, because we do 
not know anything positive about the origin and first 
building of the city of Home 1 Would it be a fair ob- 
jection to urge respecting the sublime discoveries of a 
Tfewton, or a Kepler, those great philosophers, whose 
discoveries have been of the profoundest benefit and 
Service to all men, — to say to them — " After all that 
you have told ua aa to how the planets revolve, and how 
they are maintained in their orbits, yon cannot tell ns 
■what is the cause of the origin of the sun, moon, and 
Btars. So what is the nse of what you have done ! " 
Yet these objections would not be one whit more pre- 
posterous than the objections which have been made to 
the " Origin of Species." Mr. Darwin, then, had a 
perfect right to limit his inquiry as he pleased, and tlie 
only question for ua — the inquu-y being so linuted — ^ 
6* 
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to ascertain wiether the method of his inquiry is 
or nnBound ; whether he baa obeyed the canons whii 
inuBt guide and govern all inreetigation, or whether 
has broken tbeni ; and it was because our inquiry tl 
evening is essentially limited to tliat question that 
spent a good deal of time in a former lecture (whicl 
perhaps 6pmo of you thought might have been 
employed) in endeavouring to illustrate the method and 
nature of scientific inquiry in general. We shall now 
have to put in practice the principles that I then laid 
down. 

I stated to you in substance, if not in words, thi 
wherever there are complex masses of phenomena to ' 
inquired into, whether they be phenomena of the aflai 
of daily life, or whether they belong to the more abstrui 
and difficult problems laid before tlie philosophi 
courBe of proceeding in miravellmg that complex cl 
of phenomena with a view to get at its cause, is alwa^ 
the same ; in all eaees we must invent a hypothesis ; wo' 
must place before ourselves some more or leas likely 
Bnpposition r^pecting that cause ; and tlien, having 
assumed a hypothesis, having supposed a cai^e for the 
phenomena in question, we must endeavour, oo the one 
hand, to demonstrate our hypothesis, or, on the other, to 
upset and reject it altogether, by testing it in three 
ways. "We must, in the first place, be prepared to 
prove that the supposed causes of the phenomena 
exist in nature ; that they are what the Ic^clana 
call veret oausce — true causes ; — in the next place, 
should be prepared to show that the assumed causes 
tlie phenomena are competent to produce such phem 
mcua as those which we wish to explain by them ; and 
in the last place, we ought to be able to show that no 
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;her known causes are competent to produce these 
)henoinena. If we can succeed in satisfying these 
three conditions, we shall have demonstrated our hypo- 
thesis ; or rather I ought to say, we sliall have proved 
it as far as certainty is possible for us ; for, after all, 
!re is no one of our surest convictions which may not 
upset, or at any rate modified by a iurther accession 
of knowledge. It was because it satisfied these con- 
ditions that we accepted the hypothesis as to the dis- 
appearance of the tea-pot and spoons in the case I sup- 
posed in a previous lecture ; we tbund that our hypo- 
thesis on that subject was tenable and valid, because 
the supposed cause existed in nature, because it was 
competent to account for the phenomena, and because 
no other known cause was competent to account for 
them ; and it is upon similar grounds that any hypo- 
you choose to name is accepted in science as 
nable and valid. 
What ia Mr. Darwin's hypothesis ? A I apprehend 
■for I have put it into a shape more convenient for 
iommon purposes than I could find verbatim, ia his book 
■as I apprehend it, I say, it is, that all the phenome- 
na of organic nature, past and present, result from, 
or are caused by, the inter-action of those properties of 
organic matter, which we have called Atavism and 
"VAEiABiLrrr, with the CoNnmosa of Existence ; or, 
in other words, — given the existence of organic matter, 
its tendency to transmit its properties, and its tendency 
occasionally to vary ; and, lastly, given the eonditiona 
of existence by which organic matter is surrounded — 
that these put together ai'e the causes of the Present 
id of the Past conditions of Okganic Natcke. 
Sach ia the hypothesis as I understand it. Now 
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let 118 see how it will stand the varioua tests which I laid ' 
(lowB just now. Id the first place, do these suppoeed 
euuses of thu phenoiuena exist in nature t Is it the 
I'lict that in nature tliese properties of organic matter 
— atavism and variahilitj — and those phenomena which 
we have called the couditious of exiatcnce, — ie it true I 
that they exist 1 Well, oC course, if they do not exist, I 
all that I have told you in the last three or four lee- I 
tnres must be incorrect, because I have been attempting J 
to prove that they do exist, and I take it that there ia J 
abundant evidence lliat they do exist ; bo far, therefore, 
the hypothesis does not break down. 

Cut ia the next place comes a much more difficult I 
inquiry : — Are tlie causes indicated competent to givo j 
rise lo Uie phenomena of organic nature? I suspect I 
that thiij is indubitable to a certain extent. It is d&- j 
luoQgtrablc, 1 think, as I Laro endeavoured to show I 
you, that they are perfcclly competent to givo rise to all 4 
the jihcuoiiieiia which are esiiibited by Races in nature. 
Furthermore, I believe that they arc quite competent 1 
to account for all that we may call purely stractural [ 
phenomena wliich are exhibited by Species in nature^. I 
On that point also I have already enlarged Eomewhat. 1 
Again, I think that the causes assumed are competent | 
lo account for moat of the physiological characteriaticB 1 
of specie, and I not only think that they are competent T 
to account for them, but I think that they aecoimt for | 
many things which otherwise remain wholly unaccount- [ 
able and inexplicable, and I may say incomprehensible. 
For 8 full exposition of the grounds on which this con- 
viction is based, I must refer you to llr. Darwin's J 
work ; all that I can do now ia to illustrate what I have.] 
Baid by two or three eases taken almost at random. 
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I drew jour attention, on a previous evening, to the 
facts which are embodiud in onr Bjetems of Classifi- 
cation, wliifli are the results of the examination and 
comparison of the different members of the animal 
kingdom one with another. I mentioned that the 
whole of tlie animal kingdom ia divisible into five sub- 
kingdoms ; that eaeh of tliese sub-kingdoma is again 
divisible into provinces ; that each province may be 
divided into classes, and the classes into the successively 
emaller groups, orders, families, genera, and species. 

Now, in each of these groups, the resemblance in 
Btructui'e among the members of tlie group is closer in 
proportion as the group is smaller. Thus, a man and 
a worm are members of the animal kingdom in virtue 
of certain apparently slight though really fimdamental 
resemblances wliich they present. But a man and a 
fell are members of the same Sub-kingdom V^tebrata, 
because they are much more- like one another than 
eitlier of them is to a worm, or a snail, or any member 
of the other sub-kingdoms. For similar reasons men 
and horses are arranged as members of the same Class, 
Mammalda ; men and apes aa members of the same 
Order, Primates ; and if there were any animals more 
like men than they were like any of the apes, and yet 
different from men in important and constant particu- 
lara of their organization, wo should rank them aa 
members of the same T'amily,-or of the same Genus, 
but as of distinct Species. 

That it is possible to arrange all the varied forms of 
animals into groups, having tiis sort of singular subor- 
dination one to the other, is a very remarkable circum- 
stance ; but, aa Mr. Darwin remarks, this is a residt 
■which ifl quite to be expected, if the principles which he 
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laja down be correct. Take the caae of tlic races which 
are known to be protluced by the operation of atavism 
and variability, and the conditions of existence which 
check and modify these tendencies. Take the case of 
the pigeons that I brought before you : there it waa 
aho"rtTi that they might be all classed aa belonging to 
8ome one of five principal divisions, and that within 
these divisions other subordinate groups might be 
formed. The members of these groups are related to 
one another in just the same way as the genera of a. 
family, and the groups themselves as tlio famihes of an 
order, or the orders of a class ; -while all have the sai 
sort of structural relationB with the wild Kock-pigeon, 
as the memhers of any great natural group have with a . 
real or imaginary typical form. Now, we know that ] 
all varieties of pigeons of every kind have arisen b; 
prooess of eelectivo breeding from a common 6tock, the 1 
Rock-pigeon ; hence, you see, that if all species of ani- 
mals have proceeded from some common stock, the gen- 
eral character of their structural relations, and of our I 
systems of classification, which express those relations, I 
would be just what we find them to be. In other I 
words, the hypothetical cause is, so far, competent to I 
produce effects similar to those of the real cause. 

Take, again, another set of very remarkable facts,— 
the existence of what are called rudimentary organs, 
organs for which we find no obvious use, in the par- 
ticular animal economy in which they are found, and 
jet which are there- 
Such fae the splint-like bones in the leg of the 
horse, which I here show yon, and "which correspond 
■with bones which belong to certain toes and fingers 



in the human hand and foot. In the horse 
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I they are quite rudimentary, and bear neitlier toes nor 
• fingers; bo that the horee has only one "finger" in 
I hia fore-foot and one " toe " in his hind-foot. Bnt it 
I is a Teiy curious thing that the animals closely allied 
I to the horse show more toes than he ; as the rhinoceros, 
] for instance : he has these extra toes well fonned, and 
f anatomical facta show very clearly that he is very closely 
related to the horse indeed. So we may say that ani- 
mals, in an anatomical sense nearly related to the 
]iorse, have those parts T,vliich ai'e rudimentary in him, 
fully developed. 

Again, the sheep and the cow have no cutting-teeth, 
but only a hard pad in the upper jaw. That is the 
eommcfn characteristic of ruminants in general. But 
the'ealf has in its upper jaw some rudiments of teeth 
which never are developed, and never play the part 
of teeth at all. Well, if you go back in time, you find 
some of the older, now eirtinet, aUies of the ruminants 
have well-developed teeth in their upper jaws ; and at 
the present day the pig (which is in structure closely 
connected with ruminants) has well-developed teeth in 
its upper jaws ; so that here is another instance of 
organs well developed and very useful, in one animal, 
represented by rudimentary organs, for which we can 
discover no purpose whatsoever, in another closely 
allied animal. Tho whalebone whale, again, has homy 
" whalebone " plates in its mouth, and no teeth ; hut 
the young fcetal whale, before it is bom, has teeth in 
its jaws ; they, however, are never used, and they never 
come to anything. But other members of the group to 
which the whale belongs have well-developed teeth in 
both jaws. 

Upon any hypothesis of special creation, facts of this 
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kind appear to me to to entirely unaccouiitaLle and 
iuexplicable, but tliey cease to be so if yon accept Mr. 
Darwin's liypothesis, and see reason for believing tbat 
tho wUalebone whale and the whalo with teeth in its 
inoatli boUi Bprang from a whale that had teeth, and 
that the teeth of the fcetal whale are merely remnanta 
— recollections, if we may bo say — of die extinct whale. 
So in tho case of the horse and the rhinoceros : suppose 
that both have descended by modification from gome 
earlier form which had the normal number of toes, and 
tho persistence of the rudimentary bonea which 
longer support toea in the horse becomes compi 
henaible. 

In the language that we speak in England, and in 
the language of the Greeks, there are identical verbal 
roots, or elements entering into tho composition of 
words. TiiG fact remains unintelligible bo long as we 
suppose English and Greek to be independently createi 
tongues ; but when it ia shown that both languages arar 
descended from one original, the Sanscrit, we give flaj 
explanation of that resemblance. In the same way tin 
existence of identical structural roots, if I may bo tei 
them, entering into the composition of widely differei 
animals, is striking evidence in favour of the desccnl 
of those animals from a common origuial. 

To turn to another kind of illustration : — If yoi 
regard the whole series of stratified rocks — that enoi 
nious thickness of sixty or seventy thousand feet thi 
I have mentioned before, constituting the only record! 
we have of a most prodigious lapse of time, that time: 
being, in all probability, but a fraction of that of whic 
we have no record ; — if yon observe in these successivi 
strata of rocks successive groups of animals arising am 
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Buying out, a constant exicceBsion, giving you the same 

■ iind of impression, as you travel from one group of 

I strata to another, as you would have in travelling from 

' one country to another ; — when you find this constant 

succession of forms, their traces obliterated except to 

the man of science, — when you look at tliis wonderful 

history, and ask what it means, it is only a paltering 

I with words if you are offered the reply, — " They were 
BO created." 
But if, on the other hand, you look on all forms of 
organized beings as the results of the gradual modifi- 
cation of a primitive type, the facts receive a meaning, 
and you see that these older conditions are the necessary 
predecessors of the present. Viewed in this light the 
'&cts of paleontology receive a meaning — upon any 
other hypothesis, I am imable to see, in the slightest 
degree, what knowledge or signification we are to draw 
out of them. Again, note as bearing upon tlie same 
point, the singular likeness which obtains between the 
puccesaive Taxmaa and Florae, whose remains are pre- 
Berved on the roclis : you never find any great and 
enormous difference between the immediately successive 
I TannEe and Flone, unless you have reason to believe 

tliere has also been a great lapse of time or a great 
change of conditions. The animals, for instance, of the 

■ pewest tertiary rocks, in any part of the world, are 
always, and without exception, found to be closely alHed 
■with those which now live in that part of tlie world. 
Por example, in Europe, Asia, and Africa, the large 
Diammals are at present rhinoceroses, hippopotamuses, 
elephants, Hons, tigers, oxen, horses, &q. ; and if you 
L examine the newest tertiary deposits, which contain the 
V animals and plants which immediately preceded thoae 
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which now exist in the Bame comitry, you do not find 
gigantic specimens of ant-eaters and kangaroos, but you 
find rhinoceroses, elephants, lions, tigers, &c,,— of differ- 
ent species to those now living, — ^but 6till their eloso 
allieg. If you tnrn to South America, where, at the 
present day, we have great sloths and arraadilloea and 
creatures of that kind, what do you find in the newest 
tertiaries ? You find the great eloth-like creature, the 
Megaiherium, and tLo great armadillo, the Gh^todony 
and 60 on. And if you go to Australia you find thiB 
same law holds good, namely, that that condition of or- 
ganic nature which has preceded the one which now 
exiBta, presents differences perhaps of species, and of 
genera, but that tlie great types of organic stmctHre, 



/\/are the same as those which now flourish, 



"What meaning has this fact upon any other hypo- 
theeia or Bupposition than one of Bucceseivo modifica- 
tion ! But if the population of the world, in any age, 
is the result of the gradual modification of tlie forma 
which peopled it in the preceding age, — if tliat has been 
the case, it is intelligible enough ;■ because wo may ex- 
pect that the creature that results from the modification 
of an elephantine mammal shall be something like an 
elephant, and the creature whicb is produced by the 
modification of an armadillo-like mammal shall be like 
an armadillo. Upon that supposition, I say, the facta 
are intelligible ; upon any other, that I am aware of, 
they are not. 

So far, the facts of piJtEontology are consistent with 
almost any form of the doctrine of progressive modifi- 
cation ; they would not be absolutely inconsistent with 
tlio wild speculations of Do Maillet, or with the less 
objectionable hypothesis of Lamarck. But Mr. Ti$x- 
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s views have one peculiar merit ; and that is, that 
■ are perfectly consiBtent with an array of facta which 
are 'utterly inconsistent with and fatal to, any other 
hypothesis of progressive modification which has yet 

^been advanced. It is one remarkable pectdiarity of 
Mr. Darwin's hj-pothesis that it involves no necessary 
progression or incessant modification, and that it is 
perfectly consistent with the persistence for any length 
of time of a given primitive stock, contemporaneously 
with its modificutiona. To return to the case of the 
domestic breeds of pigeons, for example ; yon have the 
Dove-cot pigeon, which closely resembles the Kock 
pigeon, from which they all started, existing at the 

»Bame time with the ethers. And if species are devel- 
oped in the same way in nature, a primitive stock and 
ite modifications may, occasionally, all find the con- 
ditions fitted for their existence ; and thongh they 
come into competition, to a certain extent, with one 
another, the derivative species may not necessarily ex- 
tirpate the primitive one, or vice verad. 

Now palEeontology shows us many facts which are 
perfectly harmonious with these observed efiects of the 
process by which Mr. Darwin supposes species to have 
originated, but which appear to me to be totally in- 
consistent with any other hj-pothesis which has been 
^ proposed. There are some gronps of animals and 
plants, in the fossil world, which have been said to 
belong to "persistent types," because they have per- 
sisted, with very little change indeed, through a very 
great range of time, while everything about them has 
changed largely. There are families of fishes whose 
U(ype of construction has persisted all the way from the 
I carboniferous rock right up to the cretaceous; and 
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others ■whicli have lasted througli almost tlic who! 
range of the seeoudary rocks, and from the lias to the 
older tertiaries. It is Bonietliiug fltupendons tliis — to 
consider a genus lasting without osBcntial modifications 
through all this enormous lapse ol' time while almost 
everjtliing else was cliaiiged and modified. 

Thus 1 have no doubt that Mr, Darwin's hypotheail 
will 1)6 found competent to explain the majority of.] 
tlie phenomena exhibited by species In nature ; but 
an earlier lecture I spoke cautiously witli repect to 
power of explaining all the physiological peculiaritii 
of species. 

There is, in fact, one set of these poeuliaritica whi. 
the theory of selective modiJication, as it stands 
present, is not wholly competent to explain, and that it 
the group of phenomena which I mentioned to yoi 
uader the name of Hybridism, and whicli I explained! 
to consist in the sterility of the offspring of certain spe-i 
cies when crossed one with another. It matters not one 
whit whether this sterility is nniversal, or whether it 
exists only in a single case. Every hypothesis is bound 
to explain, or, at any rate, not be inconsistent with, the 
wliole of the facts whicR it professes to acconnt for ; an< 
if there is a single one of these facts which can be she 
to be inconsistent with (I do not merely mean inexpli- 
cable by, but contrary to,) the hypothesis, the hypothesis 
falls to the ground, — it is worth nothing. One fiwst with 
which it is positively inconsistent is worth as much, and 
as powerful in negativing the hj'pothe&is, as five hxm- 
dred. If I am right in thus defining the obligations of j 
a hypothesis, Mr, Darwin, in order to place his vie' 
beyond the reach of all possible assault, ought to 
able to demonstrate the possibility of developing froi 
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a particnlar stock by selective breeding, two Ibrras, 
■which sliould either be unable to cross one with 
anotlier, or whose croBS-bred offspring should be infer- 
tile with one another. 

For, you see, if you have not done that yon have not 
strictly fulfilled all the conditions of the problem ; you 
have not shown that you can j^roduce, by the cause 
assumed, all the phenomena which you have in nature. 
Here are the phenomena of Hybridism staring you in 
the face, and you cannot say, " I can, by selective 
modification, produce these same results," Now, it is 
admitted on all hands that, at present, so far as experi- 
ments have gone, it has not been found possible to pro- 
duce this complete physiological divergence by selective 
breeding. I stated this very clearly before, and I now 
refer to tho point, because, if it could be proved, not 
only that this /las not been done, but tliat it carmoi be 
done ; if it could be demonstrated that it is impossible 
to breed selectively, from any stock, a form which shall 
not breed with another, produced from the same stock ; 
and if we were shown that tliis must be the necessary 
and inevitable result of all experiments, I hold that 
Mr. Darwin's hypothesis would be utterly shattered. 

But has this been done ? or what is really the state 
of tlie case ? It is simply that, so far as we have gone 

I yet with our breeding, we have not produced from a 
fommon stock two breeds wliich are not more or less 
fertile with one another. 
I do not know that there is a single fact which 
would Justify any one in saying, that any degree of ster- 
ility has been observed between breeds absolutely / 
known to have been produced by selective breeding 
fW)m a common stock. On tho other hand, I do not 
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know tliat there is a single fact wliich can justify any^ 
one in asserting that Buch Bterility cannot be produced 
by proper experimentation. For my own part, I see 
every reason to beUeve that it may, and will be bo pro- 
duced. For, as Mr. Darwin has very properly urged, 
when we consider the phenomena of sterility, we fincti 
they are most eapricioua ; wo do not know what it 
that the sterility depends on. Tliere are some aniinala' 
which will not breed in captivity ; whether it arisoB 
from the simple fact of their being shut up and deprived 
of their liberty, or not, we do not know, but they 
certainly will not breed. What an astounding thing 
this ia, to find one of the most important of all fimctiona 
annihilated by mere imprisonment ! 

So, again, there are cases known of animals which' 
have been thought by naturalists to be undoubted spe- 
cioa, wliicli have yielded fertile hybrids ; while there 
are other species which present What everybody believes 
to be varieties* which are more or less infertile with 
one anotlier. There are other eases which are truly 
extraordinary; there is one, for example, which haa 
been carefully examined, — of two kinds oi' searweed, 
of which the male element of the one, wliich we may 
call A, fertilizes the female element of the other, B ;■ 
while the male element of B will not fertilize the female; 
element of A ; so that, wliile the former experimeni 
seems to show ns that they are variettes, the latl 
leads to the conviction that they are ftpecies. 
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* And as I conceive with very good reasoo ; but if any obteoJ 
tor urges tbat we cnnnot prove that they have been produced bjg 
artiiciiil or natural selection, the objection must be admitted— 
ultra-BceplJcal as it is. Bat in science, sccpticiam is a duty, 
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When we see how capricious and imcertain this 
nterility is, how unlmown the conditions on which it 
ijdepends, I say that we have no right to affirm that 
Bthoae conditions will not be better understood by and 
ty, and we have no ground for supposing that we may 
not be able to experiment so as to obtain that erneial 
result which I mentioned just now. So that though 
Mr. Darwin's hj'pothesis does not completely exti'icate 
OB from this difficulty at present, we have not the least 
right t« say it wiU not do so. 

Tliere is a wide gulf between the thing you cannot 
■ explain and the thing tliat upsets you altogether. 
jXhere is hardly any hypothesis in this world which 
8 not some i'act in connection with it which has not 
sen explained, hut that is a very different affair to a 
ict that entirely opposes your hypothesis ; in this case 
all you can say is, tliat your hypothesis ia in the same 
jsition as a good many others, 
Kow, as to the third teat, that there are no other 
»«anses competent to explain the phenomena, I explained 
) you that one shoulil be able to say of a hypothesis, 
Ithat no other known causes tlian those supposed by it 
tare competent to give rise to the phenomena. Here, 
Wl think, Mr. Darwin's view is pretty strong, I really 
f believe that the alternative is either Darwinism or 
notliing, for I do not know of any rational conception 
or theory of the organic universe which has any scien- 
tific position at aU beside Mr, Darwin's. I do not 
know of any proposition that has been put before us 
with the intention of explaining the phenomena of 
organic natnre, which has in its favor a thousandth 
L.part of the evidence which may he adduced in favour 
Ijof Mr. Darwin's views. "Whatever may be the objec- 
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tiona to hia Tiewa, certainly all others are absolutely d 
(if court. 

Take the LaniarokiaQ hypotheeia, for example. Ia- 
niurck van a great naturalist, and to a certain extent 
went the right way to work ; he argued from what was 
undoubtedly a true cause of some of the phenomena of 
organic nature, lie said it is a matter of experience 
that an animal may be modified more or less in conse- 
quence of its desires and consequent artiona. Thus, if 
a man exercise himself as a blacksmith, hia arms will 
become stpong and muacular ; auch organic modifica- 
tion is a result of tliia particular action and exercise. 
Ijimarek thought that by a very simple Bupposition 
twsed on this truth he could explain tlie oirgin of the 
vitrious animal species ; he said, for example, tliat the 
short-legged birds which live on fish, had been converted 
into the long-legged wadera by deeiriiig to get the fisli 
witiiout wetting their feet, and eo stretching their legs 
more and more through snccesBive generations. If 
Lamarck could have ahown experimentally, that even 
races of animals could ho produced in tbia way, there 
might have been aome ground for hia epeculatione. 
But he could show notlting of the kind, and hia hy- 
pothcsia has pretty wcU dropped into oblivion, as it de- 
Bcrved to do. I said in an earlier lecture that there are 
hypotheses and hypotheses, and when people tell you 
tliat Mr. Darwin's atrongly-based hypothesia is nothing 
btit a mere modification of Lamarck's, you will know 
what to think of their capacity for forming a judgment 
on thia Bubject. 

But you must recollect that when I say I think it 
is either Mr. Darwin'a hypothesis or nothing ; that 
either we must take hia view, or look upon the whole 
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lof organJe nattfre a3 an enigina, tlie meaning of which 
B wholly hidden from u3 ; you must understand that I 
tnean that I accept it provisioaally, in exactly the samo 
*ay as I accept any other hypothesis. Men of science 
do not pledge themselves to creeds ; they are bound by 
srticleB of no sort ; there is not a single beUef that it 
is not a bounilen duty with them to hold with a light 
hand and to part with it, cheerfully, the moment it is 
really profed to be contrary to any fact, great or small. 
And if in course of time I see good reasons for ench a 
proceeding, I shall have no hesitation in coming before 
you, and pointing out any change in my opinion without 
finding the slightest occasion to blush for so doing. So 
I Bay that we accept this view as we accept any other, 
so long aa it will help us, and we feel bound to retain it 
only BO long as it will servo our great purpose — the 
improvement of Man'a estate and the widening of his 
knowledge. The moment this, or any other conception, 
ceases to be useful for tlioae purposes, away with it to 

L^e four winds ; we care not what becomes of it ! 

W But to flay truth, although it has been my business 

Fto attend closely to the controversies roused by the 
publication of Mr, Darwin's book, I think that not one 
of the enormous mass of objections and obstacles which 
have been raised is of any great value, except that 
sterility case which I brought before you just now. 
All the rest are misunderstandings of some sort, arising 
either from prejudice, or want of knowledge, or still 
1 from want of patience and care in reading the 
rork. 

For yon must recollect that it is not a book to be 

fead witli as much ease aa its pleaeant style may lead 

1 to imagine. You spin through it as if it were a 
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novel the flrat time you read it, and tliiirii you know e 
about it ; the Becond time you read it you tbink you . 
know rather lees about it ; and tlie third time, you are 
amazed to find how little you have really apprehended 
ita vast scope and objects. I can positively say tJiat 1 
never t^e it uj> without finding in it some new viei 
or light, or suggestion that I have not noticed betbi 
That is the beet cliarocteristic of a thorough and ppfl 
foimd book ; and I believe this feature of the " Ori, 
of Spwiefi" explains why so many persons have vea 
tured to pass judgment and criticisms upon it whi 
are by no means worth the paper they are written on. 1 

Before concluding these lectures there is one poin 
to which I must advert, — though, as Mr. Darwin has 
said nothing about man in his book, it concerns myself 
rather than him ; — for I have strongly maintained on 
Bundry occasionB that if Mr. Darwia'a views are eound, 
they apply as much to man as to the lower mammals, 
seeing that it is perfectly demonstrable that the struc- 
tural differences which separate man from the apes are 
not greater than those which separate some apes from 
others. There cannot be the slightest doubt in the 
world that the argument which appUea to the improve- 
ment of the horse from an earlier stock, or of ape from 
ape, applies to the improvement of man from some-- 
simpler and lower stock than man. There is not i 
single faculty — ftmctional or structural, moral, inte 
lectual, or instinctive, — there is no faculty whatevea 
that is not capable of improvement ; there is no facultjq^ 
whatsoever which does not depend upon structure, andfl 
as structure tends to vary, it is capable of being im^^ 
proved, 

Well, I have taken a good deal of pains at variouti 
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times to prove tliis, and I have endeavoured to meet 
tlie objections of those who maintain, that the struetural 
differences between man and the lower animals are of 
BO vast a character and enormous extent, that even if 
Mr, Darwin's views are correct, you cannot imagine this 
particular modification to take place. It is, in fact, 
easy matter to prove that, so far as Btructure is con- 
cerned, man differs to no greater extent from the ani- 
mals which are immediately below him than these do 
from other membere of the same order. Upon the 
other hand, there ia no one who estimates more highly 
than I do the dignity of human nature, and the width 
of the gulf in intellectual and moral matters, -n-hich lice 

IJjetween man and the whole of the lower creation. 
But I find this very argument brought forward 
Trfjemently by some. " You say that man has pro- 
Seeded from a modification of BOine lower animal, and 
J'on take pains to prove that the structural differences 
Vbich are said to exist in his brain do not exist at all, 
and yon teach tliat all functions, intellectual, moral, 
and others, are the expression or the result, in the long 

run, of structures, and of the molecular forces which 

ftiey exert." It is quite true that I do so. 

" "Well, but," I am told at once, somewhat trimnph- 
inUy, " you say in the same breath that there ia a great 
moral and intellectual chasm between man and tlie 
I lower animals. IIow is this possible when you declare 
lat moral and intellectual characteristics depend on 
■ueture, ajid yet tell na that there is no such gulf he- 
ween the structure of man and that of the lower ani- 
sl" 

I think that objection is based upon a misconception 
I of the real relations which exist between structure and 
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ftinetioii, betvem mecbanieni and wtnt. Fonctioii is 
the expnaioD of molecular forcxs aad urutgemects no 
doubt ; bat, does it follow from thta, Ibat Tarialion in 
fkiDCtJoo BO depends upon Tarialion in stmctore that the 
fonncT is alwajB exactly proportioned to the Uner ( If 
there is no Boch relation, if the vaiiatioQ in function 
which foUoWB on a variation in stmctnre may he enor- 
mously greater than the variation of the etructare, then, 
yoo eee, the ohjoction falls to the groond. 

Take a couple of watches — made by the same mater, 
and as completely alike as possible ; set them upon tlie 
table, and the fiiuction of eacli — \rhich is its rate of 
going — will be performed in the same manner, and you 
sliall be able to digtinguieh no diSerence between them ; 
bbt let me take a pair of pincers, and if my band is 
steady enough to do it, let me just lightly crush to- 
gether the bearings of the balance-Trhecl, or force to 4 ~ 
slightly different angle the teeth of the escapement of 1 
one of them, and of course you know the immediate 
■ result will be that the watdi, so treated, from that mo- 
ment will cease to go. But what proportion is thei 
between the structural alteration and the functionat-l 
result? la it not perfectly obvious that the alteration 1 
is of the minutest kind, yet that slight as it is, it has I 
produced iin infinite difference in the performance of J 
the functions of these two instruments 1 

Well, now, apply that to the present questioa. | 
What is it that eonstitutes and makes man what he is ! 
Wliat is it but his power of language — that language 
giving him the means of recording his experience — 
making every generation somewhat wiser than 
predocesBor, — more in accordance with the established 
order of the universe i 
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Wliat ia it Ijut tliis power of speech, of recording 
experience, wLich enables men to be men — looking 
before and after and, in some dim eenae, understanding 
the working of thia wondrons universe — and which dia- 
tinguiehes man from the whole of the brute world I I 
Bay that this fimetional difference is vast, unfathomable, 
and truly infinite in its consequences ; and I aay at the 
same time, that it may dejiend upon structural differ- 
ences which shall be absolutely inappreciable to U8 with 
our present means of investigation. "What ia fhia very 
speech that we are talking about ? I am speaking to 
yoH at tliis moment, but if you were to alter, in the 
toinuteet degree, the proportion of the nervous forces 
now active in the two nerves which supply the mnscles 
of my glottis, I should become suddenly dumb. The 
voice is produced only so long as the vocal chorda are 
parallel ; and these are parallel only bo long as certain 
muscles contract with exact equality ; and that again 
depends on the equality of action of those two nerves I 
Bpoke of. So that a change of the minutest kind in the 
structure of one of these nerves, or in the structure of 
the part in which it originates, or of the supply of blood 
to that part, or of one of the muscles to which it is dis- 
tribnted, might render all of us dumb. But a race of 
dumb men, deprived of all communication with those 
who could speak, would be Httle indeed removed from 
tlie brutes. And the moral and intellectual difference 
between them and ourselves would be practically in- 
finite, though the natnraliBt should not be able to find 
a single shadow of even specific structural difference. 

Bat let me diamiss this question now, and, in con- 
clusion, let me say that you may go away with it as my 
mature conviction, that ilr. Darwin's work ia the 
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greatest contribution wliich has been made to biological 
science since the publication of the " Regno Animal " 
of Cuvier, and since that of the " History of Develop- 
ment," of Von Baer. I believe that if you strip it of 
its theoretical part it still remains one of the greatest 
encyclopaedias of biological doctrine that any one man 
ever brought forth ; and I believe that, if you take it as 
the embodiment of a hypothesis, it is destined to be the 
guide of biological and psychological speculation for the 
next three or four generations. 
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